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ABSTRACT 
The objectives of this study were to investigate: 1) what the major risk factors are that have 
contributed to the rise in prevalence of type 2 diabetes in Chinese adults, and whether the joint 
effect of a family history of diabetes along with obesity on the risk of diabetes in the Chinese 
differs from that in the Finns; 2) the impact of the homeostasis model assessment of insulin 
resistance and beta cell function on glucose metabolism in relation to aging in people of Asian 
origin; 3) the relative risk for cardiovascular disease (CVD) mortality and morbidity associated 
with fasting plasma glucose (FPG) and 2-hour plasma glucose (2hPG) within the 
normoglycemic range in European populations. 
This study was based on datasets of the Diabetes Epidemiology: Collaborative analysis Of 
Diagnostic criteria in Asia (DECODA) and in Europe (DECODE) studies comprising 10307 
men and 13429 women aged 30 to 74 years from 11 Asian cohorts, and 12566 men and 10874 
women aged 25 to 90 years from 19 European cohorts. Type 2 diabetes and intermediate 
hyperglycemia in this study were determined by a 2-h 75g oral glucose tolerance test according 
to the World Health Organization/International Diabetes Federation criteria of 2006. The odds 
ratios for the prevalence of type 2 diabetes and intermediate hyperglycemia were estimated 
using logistic regression analysis. Cox proportional hazards analysis was performed to estimate 
the association between plasma glucose and CVD mortality and morbidity, adjusting for 
conventional cardiovascular risk factors. 
Between 2001 and 2006, the age-standardized prevalence of type 2 diabetes increased from 
5.2% to 14.2% in men and from 7.2% to 14.5% in women in rural areas, from 12.6% to 19.4% 
in men and from 10.2% to 16.6% in women in urban areas in Qingdao, China. Age, family 
history of diabetes and waist circumference was independent risk factors for diabetes in both 
sexes and in both urban and rural areas (P < 0.01 for all). A high level of education and a high 
income were inversely associated with the increased prevalence in all populations except in 
rural men (P < 0.05). Obesity and a family history of diabetes were major risk factors for type 2 
diabetes in men and women from China and Finland. Their synergetic effect on type 2 diabetes 
was  significant  in  Finnish  men,  but  not  in  Finnish  women  or  the  Chinese.  The  prevalence  of  
impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) increased with age in 
populations of Asian origin except IFG in the Indians living in India and in African men living 
in Mauritius. The age-related increase was more prominent for IGT than for IFG in both men 
and women. Adjustment for insulin resistance and beta cell function reduced the differences 
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among age groups for all ethnic groups, but the risk gradient between age groups still remained 
significant for IGT. Within normoglycemic range, individuals whose baseline 2hPG did not 
return to FPG levels (Group II, 2hPG > FPG) were older and had higher baseline body mass 
index (BMI), blood pressure and fasting insulin levels compared with those whose baseline 
2hPG did (Group I, 2hPG ≤ FPG) in Europeans. Hazard ratios (95% confidence intervals) for 
CVD mortality were 1.22 (1.05-1.41) in men, and 1.40 (1.03-1.89) in women for Group II 
versus Group I, adjusting for age, study cohort, BMI, FPG, total serum cholesterol, smoking 
status and hypertension status. The corresponding hazard ratios for the incidence of coronary 
heart disease, ischemic stroke and composite CVD events were 1.13 (0.93-1.37), 1.40 
(1.06-1.85) and 1.20 (1.01-1.42) in men, and 1.33 (0.83-2.13), 0.94 (0.59-1.51) and 1.11 
(0.79-1.54) in women, respectively. The increasing trends for CVD mortality and morbidity did 
not change substantially after additional adjustment for fasting insulin concentrations.  
In conclusion, this study confirmed the impact of established risk factors of age, obesity and a 
family history of diabetes on the risk of diabetes among the Chinese, which is consistent with 
literature, but the interaction between the risk factors might be different between ethnicities and 
requires further investigation. This study also disclosed the deleterious effect of high normal 
2hPG levels on CVD mortality and morbidity, which has not been widely investigated 
previously. The findings further support the view that the CVD risk extends well below the 
diabetes diagnostic value based on the post-challenge glucose levels, and may have certain 
clinical implications regarding diabetes diagnosis and glycemic management targets.
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TIIVISTELMÄ 
Tämän tutkimuksen tavoitteena oli: 1) tutkia keskeisiä riskitekijöitä, jotka vaikuttivat tyyppin 2 
diabeteksen esiintyvyyden nousuun kiinalaisilla aikuisilla, sekä kuinka diabeteksen 
perhehistorian ja lihavuuden yhdysvaikutus erosi Kiinassa ja Suomessa; 2) tutkia 
insuliiniresistenssin sekä beeta-solujen toiminnan vaikutusta glukoosiaineenvaihduntaan 
suhteessa ikääntymiseen aasialaisissa väestöissä; sekä 3) tutkia sydän- ja 
verisuonitautikuolleisuutta ja -sairastavuutta suhteessa veren paastoglukoosiin ja 2-tunnin 
glukoosirasitusarvoihin ei-diabeetikoilla eurooppalaisissa väestöissä. 
Tutkimuksessa hyödynnettiin kahta laajaa tutkimusaineistoa eli DECODA ja DECODE 
projekteja, joihin on koottu tietoa aasialaisista ja eurooppalaisista väestöistä. Yhteensä 
aineistoissa on tietoa 10307 miehestä ja 13429 naisesta ikävälillä 30-74 vuotta 11 aasialaisesta 
maasta sekä 12566 miehestä ja 10874 naisesta ikävälillä 25-90 vuotta 19 eurooppalaisesta 
maasta. Tyypin 2 diabetes mitattiin 2-tunnin glukoosirasituskokeella käyttämällä 75 gramman 
glukoosiannosta mikä noudattaa WHO:n ja Kansainvälisen diabetesjärjestön suosituksia 
vuodelta 2006. Logistista regressioanalyysiä käytettiin laskettaessa riskitulosuhteita tyypin 2 
diabeteksen esiintyvyyden ja korkean veren glukoosipitoisuuden välillä sekä Coxin suhteellisten 
vaarojen mallia arvioimaan veren glukoosiarvojen yhteyttä sydän- ja 
verisuonitautikuolleisuuteen ja –sairastavuuteen. 
Vuosien 2001 ja 2006 välillä tyypin 2 diabeteksen ikävakioitu esiintyvyys nousi 5,2 prosentista 
14,2 prosenttiin miehillä ja 7,2 prosentista 14,5 prosenttiin naisilla maaseudulla ja 12,6 
prosentista 19,4 prosenttiin miehillä ja 10,2 prosentista 16,6 prosenttiin naisilla kaupunkialueilla 
kiinalaisessa Qingdaon maakunnassa. Ikä, diabeteksen perhehistoria ja vyötärön ympärysmitta 
olivat itsenäisiä riskitekijöitä diabetekselle molemmilla sukupuolilla sekä kaupungissa että 
maaseudulla (p<0,01). Korkea koulutus ja tulot olivat käänteisesti yhteydessä kohonneeseen 
diabeteksen esiintyvyyteen kaikissa muissa ryhmissä paitsi maaseudulla asuvilla miehillä 
(p<0,05). Lihavuus ja diabeteksen perhehistoria olivat keskeisiä riskitekijöitä tyypin 2 
diabetekselle kiinalaisilla ja suomalaisilla miehillä ja naisilla. Näiden yhdysvaikutus oli myös 
tilastollisesti merkitsevä suomalailla miehillä, mutta ei suomalaisilla naisilla tai kiinalaisilla 
miehillä tai naisilla. Kohonnut paastoglukoosi ja glukoosirasituskokeen jälkeinen glukoosi 
lisääntyivät iän mukana aasialaisissa väestöissä lukuun ottamatta paastoglukoosia intialaisilla 
sekä Mauritiuksella asuvilla afrikkalaisilla miehillä. Paastoglukoosin kohoaminen oli 
voimakkaammin yhteydessä ikään verrattuna glukoosirasituskokeen jälkeiseen glukoosiin 
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miehillä ja naisilla. Insuliiniresistenssin ja beeta-solujen toiminnan vakioiminen heikensi 
ikäryhmittäisiä eroja kaikissa etnisissä ryhmissä, mutta yhteys iän ja glukoosirasituskokeen 
jälkeisen glukoosin välillä säilyi tilastollisesti merkitsevänä. Ei-diabeetikot joiden veren 
glukoosiarvo ei palannut paastoglukoosin tasolle kahden tunnin glukoosirasituskokeen jälkeen 
olivat vanhempia, heillä oli korkeampi painoindeksi, verenpaine ja veren paastoinsuliini 
verrattuna muihin eurooppalaisissa väestöissä. Tässä ryhmässä sydän- ja 
verisuonitautikuolleisuuden vaarasuhteet ja näiden 95 prosentin luottamusvälit olivat 1,22 
(1,05-1,41) miehillä ja 1,40 (1,03-1,89) naisilla kun ikä, tutkimuskohortti, painoindeksi, veren 
paastoglukoosi, kokonaiskolesteroli, tupakointi ja korkea verenpaine olivat vakioituja. 
Vastaavat vaarasuhteet sepelvaltimotaudille, aivoverisuonitukokselle ja kaikille sydän- ja 
verisuonitautitapahtumille olivat 1,13 (0,93-1,37), 1,40 (1,06-1,85) ja 1,20 (1,01-1,42) miehillä 
sekä 1,33 (0,83-2,13), 0,94 (0,59-1,51) ja 1,11 (0,79-1,54) vastaavassa järjestyksessä. Sydän ja 
verisuonitautikuolleisuuden ja –sairastavuuden lisääntyminen ei muuttunut olennaisesti kun 
tulokset vakioitiin paastoinsuliinilla.  
Johtopäätöksenä voidaan todeta, että tämä tutkimus vahvisti tunnettujen riskitekijöiden eli iän, 
lihavuuden ja diabeteksen perhehistorian vaikutuksen diabeteksen riskiin kiinalaisilla, mikä on 
sopusoinnussa aikaisemman tutkimuksen kanssa. Kuitenkin näiden riskitekijöiden mahdollinen 
yhdysvaikutus etnisyyteen vaatii lisää tutkimusta. Tutkimus myös paljasti korkean 
glukoosirasituskokeen jälkeisen glukoosin yhteyden kohonneeseen verisuonitautikuolleisuuteen 
ja –sairastavuuteen, mitä ei ole tutkittu aikaisemmin. Tulokset tukevat näkemystä että kohonnut 
glukoosirasituskokeen jälkeinen glukoosi on yhteydessä kohonneeseen sydän- ja 
verisuonitautien riskiin, vaikka se olisi alempi kuin diabeteksen nykyinen diagnostinen 
määritelmä. Tällä on tärkeää kliinistä merkitystä diabeteksen diagnostiikkaan ja veren 
glukoosiarvojen seurantaan.   
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1 INTRODUCTION 
The prevalence of diabetes is increasing at an alarming rate worldwide. In 2011, an estimated 
366 million adults aged 20-79 years had diabetes; this number is predicted to rise to 552 million 
by 2030 (Whiting et al., 2011). Diabetes and its complications impose a large economic burden 
on diabetic individuals, their families and social health system (World Health Organization, 
2005). 
Major risk factors for diabetes include increasing age, family history of diabetes (FHD), 
unhealthy diet, insulin resistance, obesity, physical inactivity and genetic factors (Wild et al., 
2004). Obesity is a common risk factor for type 2 diabetes and other non-communicable 
diseases. Reduction in weight and increase in physical activity have been approved to be able to 
prevent or delay the progress to diabetes from impaired fasting glucose (IFG) (Saito et al., 2011) 
or impaired glucose tolerance (IGT) (Gillies et al., 2007; Knowler et al., 2002; Kosaka et al., 
2005; Pan et al.,1997a; Ramachandran et al., 2006; Tuomilehto et al., 2001). Lifestyles, such as 
physical activity and eating habits, are commonly shared by a family. Individuals with a 
positive FHD in their parents or siblings had 2 to 4 times higher risk of diabetes than those 
without (Annis et al., 2005; Hilding et al., 2006; Yang et al., 2010). There is a synergetic effect 
between a positive FHD and obesity on the development of type 2 diabetes in Caucasians 
(Knowler et al., 1981; Hilding et al., 2006; Sargeant et al., 2000). However, the issue has not 
been well investigated in the Chinese population. Studies have shown that the strength of the 
association of obesity with diabetes is similar, but the prevalence of diabetes was higher in 
Asians than in Europeans at any given body mass index (BMI) or waist circumference (WC) 
cut-off value (Nyamdorj et al., 2008; Nyamdorj et al., 2010). It suggests that there might be 
other important biological factors rather than obesity that cause a predisposition for a higher risk 
of diabetes in Asians. 
The prevalence of type 2 diabetes and intermediate hyperglycemia increases with age. The 
process from normality to IGT and type 2 diabetes is characterized by progressive insulin 
resistance or the deterioration of beta cell function (Haffner et al., 1997; Weyer et al., 1999). 
Experimental studies on human beings have shown that insulin resistance is attributed to 
age-related changes in body composition and level of physical activity, rather than age per se 
(Boden et al., 1993; Coon et al., 1992; Ferrannini et al., 1996). Among individuals without 
diabetes, insulin resistance increases progressively with increasing age in some studies 
(Gayoso-Diz et al., 2011; Qiao et al., 2005), but not in others (Esteghamati et al., 2009; 
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Ferrannini et al., 1996). The prevalence of IGT increased linearly with age, but not IFG, both in 
Asian and in European populations (DECODE Study Group, 2003a; Qiao et al., 2003). Studies 
among non-diabetic Europeans have also shown that age is more strongly associated with IGT 
than with insulin resistance, estimated by homeostasis model assessment, but whether this is the 
case among Asians is not well known.  
Both diabetes and intermediate hyperglycemia have been convincingly shown to increase 
cardiovascular disease (CVD) mortality and morbidity (Emerging Risk Factors Collaboration et 
al., 2010; Huxley et al., 2006). Recent studies have further demonstrated that fasting plasma 
glucose (FPG) and/or 2h plasma glucose (2hPG) even at a higher normal range could convey an 
increased risk for having type 2 diabetes (Abdul-Ghani et al., 2006; Park et al., 2006;  
Reynolds et al., 2006; Tirosh et al., 2005) and atherogenic profiles (Succurro et al., 2009) as 
compared with the glucose concentrations at the lower normal range. However, little is known 
about the impact of normal FPG and normal 2hPG on cardiovascular mortality and morbidity. 
14 
 
 
2 REVIEW OF THE LITERATURE 
2.1  Epidemiology of type 2 diabetes and intermediate hyperglycemia 
2.1.1 Definition and classification of type 2 diabetes and intermediate 
hyperglycemia 
Type 2 diabetes is characterized by insulin resistance and relative insulin deficiency, either of 
which may be present at the time that diabetes becomes clinically manifest (WHO Expert 
Committee, 1999). Type 2 diabetes can remain undetected, i.e. asymptomatic, at the early stage 
and the diagnosis is often made from diabetic complications or through glucose tests. Over the 
past decades, different laboratory assays for glucose measures have been developed, and 
diagnostic criteria for diabetes have also been revised (American Diabetes Association, 1997; 
National Diabetes Data Group, 1979; WHO Expert Committee, 1999; World Health 
Organization, 1980). Fasting plasma glucose and 2hPG concentrations after oral glucose 
tolerance tests (OGTT) have been recommended to define diabetes and IGT since 1979 
(National Diabetes Data Group, 1979). Glycated hemoglobin (HbA1c), reflecting an average 
plasma glucose over the previous 8 to 12 weeks, has also been used as a diagnostic test for 
diabetes (Nathan et al., 2007a). Current diagnostic criteria for diabetes are classified by FPG ≥ 
7.0 mmol/L and/or 2hPG ≥ 11.1 mmol/L and/or HbA1c ≥ 6.5% (WHO, 2011; World Health 
Organization & International Diabetes Federation consultation, 2006). Intermediate 
hyperglycemia, i.e, IFG and IGT, refers to an intermediate state between normal and diabetic 
glucose homeostasis. Studies indicate that IGT is associated with muscle insulin resistance and 
defective insulin secretion, resulting in a less efficient disposal of the glucose load during the 
OGTT, while IFG is associated with impaired insulin secretion and impaired suppression of 
hepatic glucose production (Abdul-Ghani et al., 2006). The current diagnostic interpretations for 
diabetes and intermediate hyperglycemia are summarized in Table 1. 
Table 1 Definitions of normoglycemia, intermediate hyperglycemia and diabetes according to WHO and ADA 
criteria 
 NGT IFG IGT Diabetes 
FPG (mmol/L)   ≤ 6.0 (WHO) 6.1–6.9 (WHO) < 7.0 ≥ 7.0 
 ≤ 5.5 (ADA) 5.6–6.9 (ADA)     
2hPG (mmol/L) < 7.8 < 7.8 (if measure) 7.8–11.0 ≥ 11.1 
HbA1c (%)   ≤ 5.6 (ADA)   5.7–6.4 (ADA)   5.7–6.4 (ADA)   ≥ 6.5 
ADA, American Diabetes Association; FPG, fasting plasma glucose; 2hPG, 2-hour plasma glucose; HbA1c, 
glycated hemoglobin; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; WHO, World Health 
Organization. 
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2.1.2  Prevalence of type 2 diabetes and intermediate hyperglycemia 
Over the past decades, the number of people with diabetes mellitus has more than doubled 
globally. It is projected to rise from 366 million in 2011 to 552 million in 2030; 90% of these 
have type 2 diabetes (Whiting et al., 2011). Diabetes patients aged between 40 and 59 accounts 
for 50% of total diabetic individuals (International Diabetes Federation, 2009). Estimations 
for 2011 and 2030 show little sex difference in the number of people with diabetes (Whiting 
et al., 2011). There are more people with diabetes living in urban than in rural areas. 
Remarkably, 80% of people with diabetes worldwide live in low- and middle-income countries. 
The age-standardized prevalence of diabetes in China has increased substantially from less than 
2.3% in 1994 (Pan et al., 1997b), to 5.5% in 2000 (Gu et al., 2003; Hu et al., 2009), and to 9.7% 
in 2008 (Yang et al., 2010). With the development of urbanization and aging, changes in human 
behavior and a sedentary lifestyle have resulted in a dramatic increase in the incidence of 
diabetes (Ramachandran et al., 1999; Shai et al., 2006; Zimmet et al., 2001).  
People with IGT and IFG are at an increased risk of developing diabetes. It is estimated that 
6.5% of adults aged 20-79 years had IGT in 2011, and the figure will increase to 6.7% in 2030 
according to the 5th edition IDF Diabetes Atlas (International Diabetes Federation, 2012). The 
prevalence of IFG and IGT is different across the sexes and ethnicities. The age-standardized 
prevalence of IFG (FPG, 5.6-6.9 mmol/L) in adults aged 20 years or above was 26% based on 
the National Health and Nutrition Examination Survey (NHANES) 1999-2002. The prevalence 
was significantly higher in men than in women in the total population (32.8% vs. 19.5%, P < 
0.001) and in non-Hispanic whites (33.1% vs. 19.6%, P < 0.001) (Cowie et al., 2006). Similarly, 
the  isolated  IFG  (FPG,  6.1-6.9  mmol/L)  was  more  common  in  men  than  in  women  at  30-69  
years of age in European and Asian populations, but not in Indians living in India (DECODE 
Study Group, 2003a; Qiao et al., 2003). There was no difference in IGT prevalence between the 
non-Pima and the Pima Indians living in Mexico, but IGT was more prevalent in the U.S. Pima 
Indians than in the two Mexican groups (P = 0.02) (Schulz et al., 2006). A recent study 
including 46239 Chinese adults aged 20 years or above estimated the age-standardized 
prevalence of intermediate hyperglycemia (IFG or IGT) was 148.2 million, accounting for 
15.5% of the total population. The age-standardized prevalence did not differ significantly 
between men and women (P = 0.08) (Yang et al., 2010). Lifestyle modification is the 
cornerstone of diabetes prevention, with evidence of a 40-70% relative risk reduction among 
individuals with intermediate hyperglycemia (Gillies et al., 2007). However, the increasing 
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trends of obesity and physical inactivity are prominant due to increasing urbanization and 
sedentary lifestyles. Exposure to the high prevalence of obesity and physical inactivity will 
increase the risk of developing type 2 diabetes and its complications.  
2.2  Risk factors for type 2 diabetes  
Genes interact with the environment to produce type 2 diabetes. There are several potential 
factors for developing type 2 diabetes, such as increasing age, ethnicity, FHD, obesity, 
unhealthy diet and physical inactivity. The role of the major risk factors on type 2 diabetes will 
be discussed in greater detail below. 
2.2.1 Age  
The risk of type 2 diabetes increases with age, it is most common in people above the age of 40. 
As a consequence of aging populations, increasing urbanization and sedentary lifestyles, it is 
projected that there will be 188 million people with diabetes aged 40-59 years by 2030 
(International Diabetes Federation, 2009). The age peaks of diabetes prevalence vary across 
levels of economic development. Most people with diabetes are aged 60 years or above in 
high-income countries, whereas most people with diabetes in low- and middle-income countries 
are between 40 and 60 years old (Whiting et al., 2011). Remarkably, the onset of type 2 diabetes 
has shifted to younger age groups due to increasing obesity in adolescents and young adults 
(Dabelea et al., 1998; Pavkov et al., 2007). The unfavorable metabolic risks in young people 
will impose the further burden of type 2 diabetes.  
The age-specific prevalence of IFG and IGT varied according to ethnicity and sex. The 
DECODA study reported that the age-specific prevalence of impaired glucose regulation 
increased with age up to 70-89 years in most ethnic groups, but not in the Indian residents (Qiao 
et al., 2003). The Indian residents reached the peak prevalence of intermediate hyperglycemia at 
an age 10 years younger than the Chinese and the Japanese. The prevalence of IGT in Asians 
increased linearly with age, but not IFG, which is consistent with the data in Europeans 
(DECODE Study Group, 2003a; Qiao et al., 2003). Data from the NHANES 2005-2006 
demonstrated that the prevalence of IFG increased with age, doubling between the ages of 
20-39 and 40-59, and then remained constant at above the age of 60 years. Similarly, the 
prevalence of IGT steadily increased with age, peaking at 35.1% at above the age of 75 years 
(Cowie et al., 2009). The prevalence of IGT was significantly higher in women than in men 
aged between 30 and 69 years old in Europeans, between 40-49 years old in the Chinese and the 
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Japanese, but between 30-39 years old in the Indian residents.   
Aging characterized by deterioration in the maintenance of homeostatic processes over time, is 
arguably the most universal contributor to the etiologies of metabolic decline and its related 
diseases, including type 2 diabetes and CVD (Ford et al., 2002). The prevalence of obesity and 
physical inactivity increases with age. An age-associated increase in body visceral fat, 
pro-inflammatory cytokines and a decline in mitochondrial and endocrine function, may explain 
an age-related decline in beta cell function and glucose homeostasis (Barzilai et al., 2012). 
However, it is not clear whether the glucose intolerance accompanied with age is a natural 
process associated with aging or secondary to age-related obesity and physical inactivity. 
2.2.2 Obesity  
The increased prevalence of type 2 diabetes is correlated with a comparably steep increase in 
the prevalence of obesity. Studies have shown that the strength of the association of obesity 
with diabetes is similar but the prevalence of diabetes is higher in Asians than in Europeans at 
any given BMI or WC cut-off value (Nyamdorj et al., 2008; Nyamdorj et al., 2010). The 
higher risk of metabolic diseases at a lower degree of obesity in Asians than in Europeans was 
partly due to unfavorable body composition (Ramachandran et al., 2012; Wulan et al., 2010). 
In addition, common variations in the FTO (fat mass and obesity-associated) gene have been 
found to be strongly associated with obesity and type 2 diabetes in adult Europeans (Frayling 
et al., 2007; Zeggini et al., 2007), but inconsistency exists in Asians (Chang et al., 2008; 
Karasawa et al., 2010; Li et al., 2008; Li et al., 2012). Other factors rather than obesity might 
have contributed to a higher diabetes risk in certain ethnic groups. 
Weight gain is an independent risk factor for diabetes (Chan et al., 1994; Colditz et al., 1995; 
Ford et al., 1997; Wannamethee & Shaper, 1999; Willett et al., 1995). One prospective study 
including 1929 overweight participants identified 251 diabetic patients, has demonstrated that 
for each kilogram of weight gain there was a 49% increase in the risk of developing diabetes 
during a 10-year follow-up period as compared with stable weight (Resnick et al., 2000). This 
is  consistent  with  the  findings  that  weight  gain  is  associated  with  insulin  resistance  and  
deterioration in glucose tolerance (Swinburn et al., 1991). Findings from the clinical trials 
have confirmed that weight reduction could prevent or delay the onset of diabetes among 
individuals with IFG/IGT (Knowler et al., 2002; Kosaka et al., 2005; Lindstrom et al., 2013; 
Ramachandran et al., 2006; Tuomilehto et al., 2001).  
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There is increasing evidence that obese people with type 2 diabetes can benefit substantially 
from bariatric surgery. A meta-analysis of 621 clinical studies involving 135246 adult patients 
showed that, after bariatric surgery, diabetes was improved or resolved in 86.6% of the 
patients with an overall weight loss of 55.9% (Carlsson et al., 2012). Calorie restriction and 
subsequent weight loss after bariatric surgery can have more potent effects on an increase in 
insulin sensitivity (Lee et al., 2010; Lim et al., 2011; Perugini & Malkani, 2011) or beta cell 
function (Bradley et al., 2012; Dixon et al., 2012; Taylor, 2012). However, another study 
found  that  greater  insulin  resistance,  lower  insulin  secretion,  persistent  adiposopathy  and  
chronic subclinical inflammation exists in the no remission of diabetes group despite a similar 
level of weight loss as compared with the remission group (Hirsch et al., 2012). The reason 
for  these  differences  in  patients  with  similar  clinical  profiles  and  surgically-induced  weight  
loss could be related to a different genetic background or some unknown factors. A better 
understanding of the endocrine changes following bariatric surgery is becoming increasingly 
important. Moreover, the long-term benefits, cost-effectiveness and risk of bariatric surgery in 
individuals with type 2 diabetes should be studied in well-designed controlled trials with 
optimal medical and lifestyle therapy as the comparator. 
The hypotheses or candidate mechanisms of obesity in the pathogenesis of insulin resistance 
and type 2 diabetes has been reviewed extensively (Cnop et al., 2002; Item & Konrad, 2012; 
Kahn et al., 2006). Obesity is defined as excess fat in the subcutaneous and visceral tissue. The 
distribution of body fat is a critical determinant of insulin sensitivity. The accumulation of 
intra-abdominal fat correlates with insulin resistance (Item & Konrad, 2012), whereas 
subcutaneous fat deposition correlates with circulation leptin levels (Cnop et al., 2002). Adipose 
tissue modulates the metabolism by releasing non-esterfied fatty acids (NEFAs) and glycerol, 
hormone and pro-inflammatory cytokines (Boden, 1997). In addition to adipocyte-derived 
factors, an increased release of tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), monocyte 
chemoattractant protein-1 (MCP-1) and additional products of macrophages and other cells 
might result in the regulation of potential mediators of inflammation that could lead to insulin 
resistance and impaired glucose homeostasis (Kahn et al., 2006; Wang et al., 2013; Wellen & 
Hotamisligil, 2005). In addition, the lipid metabolic pathway (Amati, 2012; Unger, 2003) and 
oxidative stress (Evans et al., 2005; Henriksen et al., 2011) may also explain the underlying 
mechanisms of the obesity-insulin resistance relationship. Lipotoxicity is a metabolic syndrome 
that results from the accumulation of lipids, particularly fatty acids, leading to resistance to an 
insulin-stimulated glucose metabolism (Unger, 2003). The view that oxidative stress is a 
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causative factor in the development of insulin resistance has been supported by several studies 
that showed that reversal of the imbalance between reactive oxygen sepecies and antioxidants 
improves insulin resistance in animals and humans (Fridlyand & Philipson, 2006; Henriksen et 
al., 2011; Houstis et al., 2006; Qatanani & Lazar, 2007). 
2.2.3 Genetic background and Ethnicity 
Linkage studies, candidate gene approaches, and genome-wide association studies have 
identified several gene variants associated with type 2 diabetes (Ahlqvist et al., 2011; Barroso, 
2005; Billings & Florez, 2010; Dupuis et al., 2010; Jing et al., 2012; Ribel-Madsen et al., 2012; 
Saxena et al., 2012; Voight et al., 2010). Meta-analysis has confirmed strong associations 
between common polymorphisms of the transcription factor 7-like 2 (TCF7L2) gene variants 
and type 2 diabetes in Europeans, African Americans, Mexican Americans, and East Asians 
(Luo et al., 2009; Tong et al., 2009). Genome-wide association analysis has identified more than 
40 genetic variants associated with blood glucose levels, highlighting important biological 
pathways involved in glucose regulation (Dupuis et al., 2010; Voight et al., 2010). However, in 
aggregate these variants account for only about 10% of the heritability of diabetes (Ahlqvist et 
al., 2011; Stolerman & Florez, 2009).  
Global studies on ethnic groups and the rising incidence of diabetes have revealed ethnicity can 
increase or decrease one's risk of developing diabetes. Recent data from the U.S. national 
survey 2007-2009, indicated that the risk of diabetes was 18% higher among Asian Americans, 
66% higher among Hispanics, and 77% higher among non-Hispanic blacks as compared with 
non-Hispanic white adults aged 20 years or above (Sentell et al., 2012). Furthermore, a 
population-based study including 4688 Europeans and 1352 south Asians showed that HbA1c 
as well as FPG and 2hPG levels, were higher in south Asians independently of the conventional 
risk factors than in Europeans across the glucose tolerance categories (Mostafa et al., 2012). It 
indicated that Asian Indians are more insulin resistant and had a higher risk of developing 
metabolic syndrome than other ethnic groups (Abate et al., 2004; Banerji et al., 1999; Tan et al., 
1999). Compared with Europeans, the higher amount of truncal fat and the large dysfunctional 
subcutaneous fat cells were strongly related to insulin resistance in Asians (Chandalia et al., 
2007). 
Family history of diabetes plays an important role in its development. In comparison with 
individuals without a FHD, those with a positive FHD had a 2 to 4 times higher risk of 
developing diabetes (Bjørnholt et al., 2000; Knowler et al., 1981; Meigs et al., 2000; Ohlson et 
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al., 1988). Moreover, numerous studies found that a positive FHD was associated with a decline 
in insulin sensitivity and/or insulin secretion (Arslanian et al., 2005; Haffner et al., 1996; 
Isomaa et al., 2010; Martin et al., 1992). Considering the strong association of obesity and 
insulin resistance, the joint effect of a positive FHD and obesity on the risk of diabetes was also 
widely investigated. Either cross-sectional studies or prospective studies indicated that the 
synergistic effect was strongly associated with diabetes as compared with FHD or obesity alone 
(Annis et al., 2005; Chen et al., 2010; Hilding et al., 2006; Isomaa et al., 2010; Knowler et al., 
1981; Nakanishi et al., 2003; Sargeant et al., 2000; Valdez et al., 2007). However, this was not 
confirmed in a Japanese study (Fujimoto et al., 1991) or in a Dutch study (Boer et al., 1996). 
The synergistic effect of a positive FHD and obesity on type 2 diabetes has, however, not been 
well investigated in the Chinese. 
2.2.4 Physical inactivity 
Experimental designs and clinical interventions have found that physical activity increases total 
energy expenditure and promotes weight loss (Donnelly et al., 2009; Hollenbeck et al., 1985; 
Rosenthal  et  al.,  1983).  Short-term  clinical  interventions,  6  months  or  less  in  duration,  have  
reported that exercise alone has a vital impact on body weight loss (National Heart, Lung, and 
Blood Institute, 1998; Ross et al., 2000; Ross et al., 2004). Moreover, exercise contributes to 
the long-term maintenance of weight loss (Jakicic et al., 2002; Jakicic et al., 2003; Klem et al., 
1997; Wood et al., 1988). Experimental studies have demonstrated that exercise training 
results in a higher rate of insulin-stimulated glucose disposal at a defined insulin dose through 
hyperinsulinemic-euglycemic clamp (Hollenbeck et al., 1985; Rosenthal et al., 1983). 
Previous studies provided clear evidence that weight training has been beneficial to diabetes 
reduction, which are likely to be mediated through increased muscle mass and improved insulin 
sensitivity (Davis et al., 2012; Grøntved et al., 2012). A meta-analysis including 47 randomized 
controlled clinical trials with 8538 diabetic patients, showed that individuals participating in 
structured exercise training is associated with a 0.67% (0.49%-0.84%) decline in HbA1c level 
compared with those in the control group (Umpierre et al., 2011). 
An increase in physical activity is associated with a reduction of the risk of diabetes. The 
evidence of physical activity on the prevention of type 2 diabetes in people with IFG/IGT was 
well established in several clinical trials (Gillies et al., 2007). Prospective studies have 
supported strongly an inverse association between daily physical activity and the risk of 
developing diabetes, with a 15%-60% reduction of risk (Hu et al., 1999; Hu et al., 2004; Jeon et 
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al., 2007). In a meta-analysis including 10 prospective studies it was shown that individuals 
who regularly engaged in moderate physical activity had a 17% lower risk of type 2 diabetes 
than  those  who  were  sedentary,  adjusting  for  BMI  (Jeon  et  al.,  2007).  Similarly,  the  Health  
Professionals Follow-up Study including 32002 men indicated that engaging in weight training 
for at least 150 minutes per week was independently associated with a lower risk of type 2 
diabetes of 34% (7%-54%) in a multivariate adjusted model (Grøntved et al., 2012). On the 
other hand, another recent meta-analysis including 794577 participants, confirmed that higher 
levels of sedentary behavior are associated with increased risk of the development of diabetes, 
with a relative risk (RR) of 2.12 (1.61-2.78) (Wilmot et al., 2012).  
2.2.5 Socioeconomic status 
With the development of urbanization and nutritional change, the prevalence of type 2 diabetes 
has had a dramatic increase, particularly in low- and middle-income countries (Chan et al., 2009; 
World Health Organization, 1994). Socioeconomic status (SES) plays different roles in the 
development of diabetes across all levels of economic status. In developed countries, high SES 
is positively associated with a reduction in type 2 diabetes (Connolly et al., 2000; Robbins et al., 
2000; Robbins et al., 2001). Individuals with higher SES were more likely to do exercise and 
have access to a healthy diet, whereas those with lower SES were prone to unhealthy lifestyles 
in developed countries (Roos et al., 1998; Wardle & Steptoe, 2003). A meta-analysis including 
21978 cases of diabetes, demonstrated that low SES in terms of education (41%), occupation 
(31%) and income (40%) increased the risk of diabetes incidence as compared with those high 
levels of determinants in high-income countries (P < 0.05 for all) (Agardh et al., 2011). 
However, a reversed association between SES and risk of diabetes were presented in some low- 
and middle-income countries, such as China (Pan et al., 1997b; Xu et al., 2006), India (Corsi & 
Subramanian, 2012; Ebrahim et al., 2010; Kinra et al., 2010; Mohan et al., 2008; Ramachandran 
et al., 2002) and Bangladesh (abu Sayeed et al., 1997). A population-based study including 
29340 Chinese participants aged 35 years or above, showed that participants in the higher and 
middle average family income categories were more than twice as likely to have type 2 diabetes 
as those in the lower category, adjusting for conventional risk factors (Xu et al., 2006). A 
prospective study including 46382 African American women confirmed the evidence for an 
association of individual SES with the risk of diabetes may be partly mediated by BMI 
(Krishnan et al., 2010).   
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2.2.6 Diets, cigarette smoking and alcohol consumption  
Enormous studies have widely have demonstrated that diets with a high glycemic index or 
glycemic load were significantly associated with the development of type 2 diabetes (Salmeron 
et al., 1997; Salmeron et al., 1997; Schulze et al., 2004; Villegas et al., 2007), but no significant 
effect was observed in other studies (Marshall et al., 1997; Meyer et al., 2000; Stevens et al., 
2002). A high-fat dairy, red or processed meat intake increased the risk of type 2 diabetes and 
vascular diseases (van Dam et al., 2002; Song et al., 2004; Micha et al., 2010), whereas dietary 
patterns made up of fruit or vegetables reduced the risk of metabolic disorders (Harding et al., 
2008; Nettleton et al., 2008; Carter et al., 2010; Zhou et al., 2011). The randomized controlled 
clinical trials have supported the hypothesis that dietary intervention, plus moderate or intensive 
physical activity, is associated with reduction of type 2 diabetes in individuals with IFG/IGT 
(Gillies et al., 2007; Knowler et al., 2002; Pan et al., 1997a; Saito et al., 2011; Tuomilehto et al., 
2001).  
The relationship between cigarette smoking and type 2 diabetes has been widely evidenced. 
Some prospective cohort studies demonstrated that active smoking increased the risk of type 2 
diabetes by 31% (Yeh et al., 2010) and 44% (Willi et al., 2007), whereas a protective effect of 
smoking on type 2 diabetes was observed in another study (Onat et al., 2007). Moreover, there 
was a dose-response relationship between the number of cigarettes smoked and the risk of 
diabetes. The biological mechanism between cigarette smoking and diabetes was not well 
understood. 
Alcohol consumption as a lifestyle factor has also been suggested to be relevant to the risk of 
type 2 diabetes. Several studies on the association between alcohol consumption and incidents 
of type 2 diabetes have been published during the last few years. A U-shaped relationship was 
found between alcohol consumption and risk of type 2 diabetes in recent meta-analysis studies 
(Baliunas et al., 2009; Koppes et al., 2005). Compared with lifetime abstainers, moderate 
alcohol comsumption had a protective effect on type 2 diabetes in both men (consuming 22 
g/day alcohol) and women (consuming 24 g/day alcohol) (Baliunas et al., 2009). Possible 
mediators of the benefical effecs of moderate alcohol consumption include improved insulin 
sensitivity, increased high density lipoprotein cholesterol and adiponectin and the 
anti-inflammatory effect of alcohol (Hu, 2011; Koppes et al., 2005). However, heavy drinking 
has no effect and might increase the risk of diabetes (Beulens et al., 2005; Hodge et al., 2006; 
Koppes et al., 2005). 
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2.3 Insulin resistance and beta cell dysfunction 
Insulin is a peptide hormone secreted by the beta cells of the pancreatic islets of langerhans and 
maintains glucose homeostasis and promotes efficient glucose utilization. Insulin synthesis and 
insulin secretion is influenced by genetic susceptibility and environmental factors (Wilcox, 
2005), which require the coordinated action of several mechanisms, some of which are only 
partially defined. Age, ethnicity, obesity, physical activity, and inflammation are potential risk 
factors influencing insulin secretion and insulin action. 
Experimental methods for the assessment of insulin sensitivity and insulin secretion have been 
widely described (Bergman et al., 1985; DeFronzo et al., 1979; Muniyappa et al., 2008). 
Hyperinsulinemic-euglycemic clamp and hyperglycemic clamp are considered as the gold 
standards for measuring insulin sensitivity and insulin secretion, respectively (DeFronzo et al., 
1979). Alternatively, the indirect measurement of insulin sensitivity on the basis of glucose and 
insulin is assessed using a frequently sampled intravenous glucose tolerance test (FSIVGTT) 
(Bergman et al., 1979). Measurements of plasma glucose and insulin concentrations under 
fasting conditions and during the OGTT have been used to derive indexes of insulin sensitivity, 
which correlates reasonably with hyperinsulinemic-euglycemic clamp. However, the OGTT is 
time consuming and labor intensive, which limits its application in routine clinical practices or 
large scale epidemiological studies. Surrogate markers for insulin sensitivity have been 
introduced as potential alternatives, i.e., Homeostasis model assessment (HOMA) (Matthews et 
al., 1985), Quantitative insulin sensitivity check index (QUICKI) (Katz et al., 2000), 1/(Fasting 
insulin) (Laakso,1993) and the Matusda index (Matsuda & DeFronzo,1999). Although certain 
limitations exist compared with the gold standard methods (Boyko & Jensen, 2007; Buchanan 
et al., 2010; Hockaday et al., 2007; McAuley et al., 2007), HOMA has been widely used as a 
convenient surrogate marker of insulin resistance and beta cell function (Matthews et al., 1985). 
The fasting plasma glucose and insulin concentrations were employed in mathametical 
equations of the HOMA model (Matthews et al., 1985). 
Insulin resistance is a condition where insulin is not able to ensure adequate peripheral tissue 
glucose utilization, especially in muscle and liver. Impaired beta cell function is manifested 
most commonly by decreased early insulin release and the inability of beta cells to compensate 
appropriately  for  insulin  resistance.  Insulin  resistance  and  beta  cell  dysfunction  are  the  
hallmarks of intermediate hyperglycemia (Reaven, 1988). However, features of glycemic 
disorder differ from hepatic and peripheral tissues (Abdul-Ghani et al., 2007). An isolated IFG 
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is associated with reduced hepatic insulin sensitivity and decreased first-phase insulin secretion 
(DeFronzo, 2004), while the isolated IGT is associated with peripheral insulin resistance and 
impairment of both first- and second-phase insulin secretion (Bogardus et al., 1984).  
It has been well documented that the prevalence of type 2 diabetes and IGT increases with age, 
but the pathogenesis underlying age-related deterioration in glucose metabolism is not fully 
understood. Both type 2 diabetes and glucose intolerance are more common in older 
individuals than in younger individuals. Many (Chen et al., 1985; Coon et al., 1992; Defronzo, 
1979; Ferrannini et al.,1996; Qiao et al., 2005; Rowe et al., 1983), but not all studies (Ahren 
& Pacini, 1998; Basu et al., 2003; Boden et al., 1993; Broughton et al., 1991; Pacini et al., 
1988) have demonstrated that older individuals are more insulin resistant than younger 
individuals. Similarly, a reverse association between beta cell function and age was shown in 
some studies (Chen et al., 1985; Chiu et al., 2000; Clausen et al., 1996; Fritsche et al., 2002; 
Iozzo et al., 1999; Roder et al., 2000; Scheen et al., 1996; Shimizu et al., 1996), but not in 
others (Bourey et al., 1993; Defronzo, 1979). The progressive deterioration of glucose 
metabolism in healthy elderly individuals is attributed to a decrease in both insulin secretion 
and insulin action with a severity of dysfunction in insulin action being explained by the 
degree of obesity and the level of physical activity rather than age per se (Basu et al., 2003; 
Boden et al., 1993; Coon et al., 1992; Ferrannini et al., 1996). To what extent aging 
contributes to the deterioration of insulin action and insulin secretion observed in the elderly 
population remains uncertain. It will be of considerable interest to determine the effect of aging 
on insulin secretion and insulin resistance and their relationship with the deterioration of 
glucose intolerance in the elderly population. 
2.4 Glycemic levels and cardiovascular outcomes  
2.4.1 Association of diabetes and cardiovasular mortality and morbidity 
Both macro- and micro-vascular complications increase premature deaths in people with 
diabetes. Cardiovascular disease is the name for the group of disorders of heart and blood 
vessels, which accounts for 80% of deaths in people suffering from diabetes. Diabetes as an 
independent risk factor for cardiovascular mortality has been widely evidenced. Individuals 
with previously diagnosed diabetes have a 2- to 4-fold higher risk of CVD than non-diabetic 
individuals (DECODE Study Group, 2003b; Howard et al., 1996; Huxley et al., 2006; Magliano 
et al., 2010; Taylor et al., 2013). However, data from the International Collaborative Project, 
which included 11 prospective studies, failed to find a relationship between asmptomatic 
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hyperglycemia and mortality from coronary heart diease (CHD) based on coronary arteries 
narrowing or becoming blocked (The International Collaborative Group, 1979). A 
meta-analysis of 37 prospective studies has shown that the rate of fatal CHD was greater in 
patients with diabetes than in those without diabetes, with a RR of 1.99 (1.69-2.35) in men and 
3.12 (2.34-4.17) in women (Huxley et al., 2006). Another meta-analysis of Emerging Risk 
Factors Collaboration (ERFC) studies including 264353 participants with 11848 CHD events 
has shown a HR of 2.10 (1.85-2.39) for CHD after adjusting for age, sex and smoking status in 
participants versus those without diabetes; the figure did not change substantially after 
adjustment for other conventional risk factors (Emerging Risk Factors Collaboration et al., 
2010).  
Cerebrovascular disease, as well as CHD, is the leading cause of death and disability in diabetic 
patients. It has been shown that patients with diabetes are 2 to 5 times more likely to develop 
stroke compared to those without diabetes (Tuomilehto et al., 1996; Barrett-Connor & Khaw, 
1988; Berger et al., 1998; Emerging Risk Factors Collaboration et al., 2010). In the ERFC study 
including 157315 participants with 2858 stroke cases accumulated, the multivariate-adjusted 
HR was 2.59 (2.16-3.09) for ischemic stroke in patients with diabetes versus those without 
diabetes (Emerging Risk Factors Collaboration et al., 2010). Data from 18360 Finns and 
Swedes aged 25 to 90 showed the HRs for ischemic stroke incidence were 2.20 (1.48-3.29) for 
previously diagnosed diabetes and 1.48 (1.08-2.02) for newly diagnosed diabetes defined using 
the FPG criteria, and corresponding figures of 2.26 (1.51-3.38) and 1.60 (1.18-2.16) for the 
diabetes category defined using the 2hPG criteria, as compared with normal fasting or 2h 
glucose levels (Hyvarinen et al., 2009). 
2.4.2 Association of non-diabetic glycemic levels with cardiovascular diseases 
The relationship between glucose levels and CVD has been investigated in order to find 
whether there is a threshold or a change point in the glucose distribution that can be used to 
define diabetes according to the changes in CVD risk. In the ERFC study, the HR for CHD risk 
corresponding to per 1 mmol/L increase in FPG was 1.12 (1.08-1.15) within the range of FPG 
concentrations greater than 5.6 mmol/L (Emerging Risk Factors Collaboration et al., 2010). In 
another meta-analysis including 38 cohorts, the CVD risk started to increase at the FPG 
threshold of ≥ 5.6 mmol/L (Levitan et al., 2004). In the DECODE study including 29714 
individuals aged 30-89 years, a J-shaped relationship between FPG levels and CVD mortality 
was observed among Europeans who did not have a prior history of diabetes, with the lowest 
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risk of CVD mortality observed in individuals with a FPG of 4.5-5.0 mmol/L (DECODE 
Study Group, 2003b). In the AusDiab (Australian Diabetes, Obesity, and Lifestyle) study, the 
HR for CHD corresponding to one standard deviation (SD) (mmol/L) decrease in FPG 
concentrations  was  4.0  (2.1-7.6)  for  FPG < 5.1mmol/L,  while  to  one  SD increase  (mmol/L)  
the HR was 1.3 (1.1-1.4) for FPG ≥ 5.1mmol/L in the multivariate-adjusted models (Barr et 
al., 2009). The causes of an increased CVD mortality risk associated with low FPG level 
remains unclear, but the low BMI has been considered as a potential risk factor (Wandell & 
Theobald, 2007; Wei et al., 2000). Different from the FPG-CVD relationship, a linear or 
graded rather than a J-shaped relationship between post-challenge glucose levels and CVD 
risk has been reported in many studies (Barr et al., 2009; Coutinho et al., 1999; DECODE 
Study Group, 2003b; Levitan et al., 2004).  
A number of studies have demonstrated that hyperglycemia was associated with an increased risk 
of stroke (Danaei et al., 2006; Eguchi et al., 2007; Selvin et al., 2010; Wannamethee et al., 1999), 
but not other studies (Haheim et al., 1993; Lawlor et al., 2007). Recently, a systematic review of 
epidemiological studies and surveys from 52 countries showed that 13% deaths from stroke were 
attributable to a higher-than-optimum FPG (Danaei et al., 2006). In the Goettingen Risk 
Incidence and Prevalence Study with 5790 men aged 40-60 years who were followed for 10 
years, the RR for stroke incidence was 1.6 (1.1-2.2) in individuals with FPG > 6.2 mmol/L 
compared to those with FPG < 4.8 mmol/L (Cremer et al., 1997). In another study of 28477 
non-diabetic individuals, compared with fasting blood glucose < 5.6 mmol/L at the baseline, a 
24% increased risk of stroke or transient ischemic attack was observed in the fasting blood 
glucose over 5.6 mmol/L (Nielson & Fleming, 2007). The Northern Manhattan study found 
distinct ethnic differences regarding the FPG-stroke relationship. In a multivariate-adjusted 
model, FPG is a better predictor for ischemic stroke in African Americans, but not in Hispanics or 
white Americans, where the corresponding HRs were 1.38 (1.09-1.74), 0.97 (0.70-1.34) and 0.81 
(0.47-1.40), respectively (Eguchi et al., 2007). Data from 3246 British women aged 60 to 79 
years free of baseline CHD, stroke and diabetes did not, however, show a positive relationship 
between a linear form of FPG and an incidence of stroke (Lawlor et al., 2007). 
Increasing evidence has shown that the CHD risk is higher among individuals with IFG and/or 
IGT than among those with normal glucose levels. In the AusDiab study, IFG but not IGT were 
an independent predictor for CVD mortality after adjustment for conventional factors, as 
compared with normal glucose tolerance, where the corresponding HRs were 2.6 (1.2-5.1) and 
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1.2 (0.7-2.2), respectively (Barr et al., 2007). The multivariate adjusted OR for CHD was 1.7 
(1.0 to 3.0) among women with IFG defined by a FPG of 5.6-6.9 mmol/L, as compared with 
those with a FPG of < 5.6 mmol/L, while the OR was 2.2 (1.1-4.4) in women with IFG defined 
according to a FPG of 6.1-6.9 mmol/L as compared with those with FPG < 6.1 mmol/L in the 
Framingham Heart Study (Levitzky et al., 2008). Although IFG and IGT are associated with 
risk  of  type  2  diabetes,  IGT  is  more  strongly  associated  with  CVD  outcomes  than  IFG.  The  
Bedford Cohort Study with a 10-year follow-up found that IGT carried an excess risk of CHD 
mortality in women but not in men (Jarrett et al., 1982). As shown in the DECODE study, 
individuals with IGT had survival profile falling between diabetic and normal subjects 
according to the 2-h glucose criteria; while those with IFG had survival profile similar to that of 
subjects with normoglycemia based on the fasting glucose criteria alone (DECODE Study 
Group., 2001). Outcomes from the DECODE study cohort further showed that baseline IGT 
was an independent risk predictor for cardiovascular morbidity and mortality, and the prediction 
was not explained by the subsequent development of overt diabetes (Qiao et al., 2003). Recently, 
a meta-analysis of 15 prospective studies demonstrated a 21% increased risk of stroke 
(1.21[1.02-1.44]) for intermediate hyperglycemia defined as a FPG of 6.1-6.9 mmol/L after 
adjusting for established cardiovascular risk factors, whereas no significance observed for the 
intermediate hyperglycemia defined as a FPG of 5.6-6.9 mmol/L. Moreover, the IGT or the 
combination of IFG and IGT independently increased the risk of stroke (Lee et al., 2012).  
The CVD mortality in relation to both FPG and 2hPG were compared in some studies. Findings 
from the DECODE and the DECODA studies showed that fitting the 2hPG to a model based on 
the FPG significantly improved the prediction of the CVD mortality; but no fundamental 
change was observed when the FPG was adjusted into the model based on the 2hPG (DECODE 
Study Group., 2001; Nakagami et al., 2004). This was further supported by data from the 
Cardiovascular Health Study including 4014 adults, where 2hPG criteria appeared to be better 
than FPG criteria in predicting incidents of CVD among older adults (Smith et al., 2002); and 
from other studies that showed the relationship between 2hPG and CVD was independent of 
FPG (DECODE Study Group, 1999; Hyvarinen et al., 2009). A number of studies have shown 
that IFG and IGT reflect different pathophysiological mechanisms of abnormal glucose 
homeostasis (Laakso et al., 2008; Nathan et al., 2007b). The individuals with isolated IGT are 
markedly more insulin resistant than those with isolated IFG (Festa et al., 2004; Meyer et al., 
2006). The difference in insulin resistance might partly explain the differences in CVD risk 
between IFG and IGT. 
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Both insulin resistance and reduced beta cell function occurred during the normoglycemic stage 
as shown by the Québec Family Study among 643 participants aged 18 to 71 years (O'Malley et 
al., 2010; Piche et al., 2005). Another cross-sectional study, including a multi-ethnic sample of 
1020  obese  youths  (with  a  mean  age  of  12.9  years)  with  normal  FPG  levels  (FPG  <  5.6  
mmol/L), showed that insulin sensitivity declines when moving from low to high glucose levels 
within the normal range, independent of age, BMI, sex and ethnicity (O'Malley et al., 2010). 
Recently, it has been shown that among individuals with normal fasting and 2-h plasma glucose, 
those with 2hPG who did not return to their FPG levels during an OGTT had an increased risk 
of type 2 diabetes (Abdul-Ghani et al., 2006) and higher carotid intima-media thickness (CIMT) 
(Succurro et al., 2009) as compared with those whose 2hPG returned to their fasting glucose 
levels. However, in the Bruneck Study including subjects with normoglycemia, neither 2hPG 
nor FPG independently predicted the carotid atherosclerosis assessed by the intima-media 
thickness during a 5-year follow-up (Bonora et al., 1999). Whether or to what extent the insulin 
resistance contributes to the increased CVD mortality in individuals with normal glucose levels 
requires further investigation.  
2.4.3  Intensive glycemic control and CVD outcome 
In spite of the strong evidence from large observational epidemiological studies showing the 
deleterious effects of hyperglycemia on CVD outcomes, intensive glycemic control has not 
convincingly shown CVD benefit among either patients with type 2 diabetes (Duckworth et al., 
2009; The ACCORD study group., 2008; The ADVANCE Collaborative Group., 2008; R. 
Wilcox et al., 2008) or individuals with IGT (ORIGIN Trial Investigators et al., 2012; The 
NAVIGATOR study group., 2010). The United Kingdom Prospective Diabetes Study 
(UKPDS)(Holman et al., 2008; UKPDS Study Group, 1998), the Action to Control 
Cardiovascular Risk in Diabetes (ACCORD)(The ACCORD study group., 2008), the Action in 
Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled 
Evaluation (ADVANCE)(The ADVANCE Collaborative Group., 2008), the Veterans Affairs 
Diabetes Trial (VADT) (Abraira et al., 2003; Duckworth et al., 2009) and the PROspective 
pioglitAzone Clinical Trial In macroVascular Events (PROactive) (Charbonnel et al., 2004; 
Dormandy et al.,2005; Wilcox et al., 2008) including patients with diabetes, all showed a 
reduction  in  either  single  or  composite  CVD  events  in  intensive  treatment  arms  as  compared  
with the control arms, but the risk reduction was borderline significant or insignificant in most 
of the individual trials. Meta-analysis based on five randomized controlled clinical trials 
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demonstrated a significant risk reduction in non-fatal myocardial infarction (-17%) and in CHD 
(-15%), but not in stroke and all-cause deaths (Ray et al., 2009). The discrepancy between 
observational studies and interventional trials needs to be further investigated regarding the trial 
designs, patient populations, outcomes defined and drugs applied.
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3 AIMS OF THE STUDY 
1) To investigate risk factors for the increased prevalence of type 2 diabetes among 
Chinese adults (Study I), 
2) To evaluate the joint effect of a positive family history of diabetes and obesity on the 
prevalence of type 2 diabetes in the Chinese and the Finns (Study II), 
3) To estimate the impact of age-related insulin resistance and insulin secretion on 
prevalence of intermediate hyperglycemia in people of Asian origin (Study III), 
4) To study cardiovascular mortality in relation to fasting and 2-hour plasma glucose 
within normoglycemia in European men and women (Study IV), 
5) To examine the impact of normoglycemia on the incidence of coronary heart disease 
and ischemic stroke in European men and women (Study V). 
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4 STUDY POPULATION AND METHODS 
4.1  Study population 
4.1.1 Qingdao Diabetes Survey 2001-2002 and 2006 
Qingdao is located on the eastern coast of China and comprises four urban (Shinan, Shibei, 
Sifang and Licang) and eight rural areas (Laoshan, Chengyang, Jiaonan, Jiaozhou, Jimo, 
Huangdao, Laixi and Pingdu). From April 2001 to July 2002, a population-based 
cross-sectional survey for the prevalence of diabetes was conducted in Qingdao. The stratified 
random cluster sampling was employed to recruit individuals aged 35-74 years and living in 
Qingdao city for over 5 years (Figure 1). Three urban districts (Shinan, Shibei and Sifang) and 
four rural areas (Chengyang, Laoshan, Jiaonan and Pingdu) were randomly selected (Dong et al., 
2005; Gao et al., 2009). A total of 14500 individuals were invited to attend the survey and 
11393 individuals participated in the survey, with an overall response rate of 78.6% (Gao et al., 
2009).  
Qingdao Diabetes Survey 2006 was carried out in six randomly selected urban and rural areas 
of  Shinan,  Shibei,  Sifang,  Jiaonan,  Huangdao  and  Jimo.  Five  communities  (or  villages)  from  
each of the six districts and 200-250 residents aged 35-74 years from each community or village 
were randomly selected (Figure 1). A total of 6100 individuals were invited and 5355 
individuals participated in the survey, with a response rate of 87.8%. Both of the diabetes 
surveys were approved by the Qingdao Health Bureau and local ethics committees. Verbal or 
written consents were obtained from all participants. 
After excluding individuals with missing information (Table 2), data from 2915 men and 4338 
women in the survey of 2001-2002, and 1683 men and 2688 women in the survey of 2006 were 
included in the study I. The age ranged from 35 to 74 years. 
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Figure 1. The sampling procedures, participation rates and screening strategies in Qingdao Diabetes Survey 
2001-2002 and 2006. FCG, fasting capillary glucose; OGTT, oral glucose tolerance test. 
4.1.2 FINRISK Study 2002 
The FINRISK study is a chronic disease risk factors survey that has been carried out since 1972 
in every fifth year using a random sample of the middle-aged Finnish population. The entire 
study procedure followed the recommendations of WHO-Multinational MONItoring of trends 
and determinants in CArdiovascular disease (WHO-MONICA) project protocol (WHO 
MONICA Project Principal Investigators, 1988) and the European Health Risk Monitoring 
Project (Tolonen et al., 2007). The Coordinating Ethics Committee of Helsinki University 
Hospital District approved the study protocol and the participants provided their written consent. 
In  2002,  a  random  sample  form  the  age  range  of  25-64  years,  stratified  by  sex  and  age,  was  
drawn from six Population Register Regions; the age group 64-74 years was also included in 
Helsinki/Vantaa, North Karelia, and Lapland. A total of 13437 individuals were invited and 
9581 attended, which gave a response rate of 71.3%.  
All participants from the Qingdao Diabetes Survey 2006 were administrated to a standard 2-h 
OGTT, while only participants aged 45-74 years underwent the OGTT in the FINRISK Study 
2002. To make it comparable between the two studies in paper II, only individuals aged 45-74 
years from both studies were analyzed. Thus, a total of 1091 men and 1706 women from the 
Qingdao Diabetes Survey 2006 (Figure 1), and 1472 men and 1694 women from the FINRISK 
Study 2002 who had all variables required for the data analysis were included in paper II.  
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4.1.3 DECODE and DECODA studies 
The DECODE and the DECODA studies were initiated in 1997 and 1998 respectively (Qiao et 
al., 2000; The DECODE Study Group, 1998). Briefly, researchers who had carried out 
population-based or large occupational epidemiological studies on diabetes in Europe or in Asia, 
using a standard 75g glucose load, were invited to participate. From each centre crude original 
data on sex, age, height, weight, known status of diabetes, date of the start and end of survey, 
blood specimens used and the method of glucose assay were collected. Individual data on FPG 
and 2hPG concentrations as well as total cholesterol, fasting insulin and a number of other 
variables were sent to the National Institute for Health and Welfare in Helsinki, Finland for 
collaborative data analysis.The informed consent of participants complying with the Declaration 
of Helsinki or other ethical standards was obtained in all studies. The Ethics Committee of the 
National Institute for Health and Welfare had approved the data analysis plans for both the 
DECODE and the DECODA studies. The two studies consisted of 64 cohorts made up of 
subjects from 24 countries and regions around the world, with about 84000 Europeans and 
84207 Asians comprising Chinese, Japanese, Indians, Mongolians and Filipinos. The age 
ranged from 25 to 99 years. Of the 23 European cohorts they provided the follow-up data on the 
vital status with 5811 CVD deaths and 12283 all-cause deaths accumulated in Europeans. The 
existing database has been updated continuously for mortality/morbidity outcomes.  
For study III, data from 11 cohorts of the DECODA study including 6610 men and 7664 
women aged 30-69 years were analyzed; study IV was restricted to normoglycemic individuals 
whose FPG < 6.1 mmol/L and 2hPG < 7.8 mmol/L, comprising 12566 men and 10874 women 
aged 25 to 90 years from 19 European cohorts. A total of 9 cohorts from Finland and Sweden 
including 3743 men and 3916 women aged 25 to 90 years were included in the study V.
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Table 2 Inclusion/Exclusion criteria of the study populations 
 Study population  Inclusion criteria Exclusion criteria 
Study I Qingdao Diabetes Survey 
2001-2002 and 
2006/DECODA 
1) Participants aged 35-74 years; 2) Undergoing a 
standard 2h 75g OGTT test; 3) The availabity of 
BMI,WC, family history of diabetes, education, personal 
income, occupation, leisure time physical activity, 
triglycerides, smoking, drinking and hypertension status. 
Missing required variables 
Study II Qingdao Diabetes Survey 
2006/DECODA and 
FINRISK 2002/DECODE 
1) Participants aged 45-74 years; 2) Undergoing a 
standard 2h 75g OGTT test; 3) The availabity of BMI, 
WC, family history of diabetes, education, personal 
income, occupation, leisure time physical activity, 
smoking, drinking and hypertension status. 
Missing required variables 
Study III 11 study cohorts / DECODA  1) Participants aged 30-69 years; 2) Undergoing a 
standard 2h 75g OGTT test; 3) The availabity of BMI 
and fasting insulin data. 
Missing required variables 
Study IV 19 study cohorts / DECODE 1) Cohort study with data on cause-specific mortality; 2) 
Undergoing a standard 2h 75g OGTT test at baseline; 3) 
Normoglycemia defined by a FPG < 6.1 mmol/L and a 
2hPG < 7.8 mmol/L; 4) Baseline measurement of FPG, 
2hPG, total cholesterol, BMI, blood pressure and 
smoking status 
1) Previously diagnosed 
diabetes at baseline; 2) a 
FPG ≥ 6.1 mmol/L and/or 
a  2hPG  ≥ 7.8  mmol/L  at  
baseline 
Study V 9 study cohorts / DECODE  1) Cohort study with data on cause-specific morbidity; 2) 
Undergoing a standard 2h 75g OGTT test at baseline; 3) 
Normoglycemia defined by a FPG < 6.1 mmol/L and a 
2hPG < 7.8 mmol/L; 4) Baseline measurement of FPG, 
2hPG, total cholesterol, BMI, blood pressure and 
smoking status 
1) A prior history of 
diabetes and/or CVD at 
baseline; 2) a FPG ≥ 
6.1mmol/L and/or a 2hPG 
≥ 7.8 mmol/L at baseline 
4.2  Methods 
4.2.1 Anthropometric and demographic measurements 
In all DECODE and DECODA studies, anthropometric measurements were performed by 
trained doctors or nurses. Height and weight were measured and recorded with participants 
wearing light clothes and without shoes. Waist circumference was measured at the mid-point 
between the rib cage and the iliac crest to the nearest 0.1 cm. Body mass index was defined as 
the individual's body weight divided by the square of his height (kg/m2). Individuals with a BMI 
≥ 30kg/m2 were considered to be obese according to the criteria of the WHO Expert 
Consultation (WHO consultation, 2000). Abdominal obesity was classified according to the 
criteria of National Cholesterol Education Program expert panel, i.e. WC  102 cm for men and 
WC  88 cm for women (Adult Treatment Panel III, 2001). Two consecutive blood pressure 
readings, at least 30 seconds apart, were taken from the right arm of seated individuals, and the 
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average of the two readings was recorded. A person with a history of hypertension defined by a 
physician or having a systolic blood pressure ≥ 140 mmHg and/or a diastolic blood pressure ≥ 90 
mmHg was classified as hypertension (World Health Organization, 1999).  
In studies I and II, a positive FHD was defined as having at least one first degree family 
member (father, mother or siblings) with diabetes. Socioeconomic status (SES) was measured 
according to two dimensions: education and personal income (Krieger et al., 1997). Occupational 
status was categorized into white collar, blue collar and not working outside the home. Leisure 
time physical activity was classified into three levels: (1) Sedentary: taking no regular exercise; 
(2) Slightly active: relaxing walk after supper or doing Tai Chi; (3) Moderately to vigorously 
active: jogging, walking briskly, dancing, bowling etc. or engaged in an intensive exercise 
program (e.g. running, playing basketball, playing football). Smoking status was classified as 
current smokers (smoking every day) or non-smokers (including ex-smoking, occasional 
smoking and never smoking). Alcohol consumption status was defined as currently regular 
drinkers and non-drinkers (including ex-drinking, occasional drinking and never drinking).   
4.2.2 Blood glucose and insulin assays 
Blood samples of the Qingdao Diabetes Surveys 2001-2002 and 2006 were collected at local 
test centers. From April 2001 to February 2002, a two-step screening approach using a fasting 
capillary glucose (FCG) test as first-line screening test, followed by a 2-h 75g OGTT as a 
diagnostic test of newly diagnosed diabetes was applied (Figure 1). For the period of March to 
July 2002, the OGTTs were directly administered to all participants in one urban community. 
From February to April 2006, the OGTTs together with the FCG tests were administered to all 
participants in the survey 2006.  
In all DECODE and DECODA cohorts, blood samples were collected after overnight fasting. 
Plasma glucose was measured in each of the studies with an oxidase- or dehydrogenase-based 
method. Fasting insulin concentrations were determined by different assays across the study 
cohorts included in this study. Homeostasis model assessments of insulin resistance (HOMA-IR) 
and  beta  cell  function  (HOMA-B)  were  calculated  by  the  following  equation:  HOMA-IR=  
[(fasting insulin (μIU/ml)* FPG (mmol/L) /22.5], and HOMA-B=20*fasting insulin (μIU/ml) / 
[FPG (mmol/L) -3.5] (Matthews et al., 1985). Detailed information on glucose, total cholesterol 
and insulin assays in each study were shown in the Appendix. 
4.2.3 Classifications of diabetes and intermediate hyperglycemia 
A person with a prior history of diabetes or receiving any anti-diabetes therapy at the time of the 
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surveys was classified as having previously diagnosed diabetes according to the WHO/IDF 
diagnosis criteria of 2006 (World Health Organization & International Diabetes Federation 
consultation, 2006). Participants without previously diagnosed diabetes were given a standard 
2-h 75g OGTT. Individuals with a FPG ≥ 7.0 mmol/L and/or a 2hPG ≥ 11.1 mmol/L were 
classified as having newly diagnosed diabetes, a FPG 6.1-6.9 mmol/L and/or a 2hPG 7.8-11.1 
mmol/L was classified as IFG and/or IGT. Both IFG and IGT were considered as intermediate 
hyperglycemia in this study. Normoglycemia was defined as individuals with a FPG < 6.1 
mmol/L and a 2hPG < 7.8 mmol/L. In the studies IV and V, the normoglycemic individuals 
were further classified into Group I if the 2hPG after a 75g oral glucose load was equal to or 
less than the FPG (2hPG ≤ FPG), or Group II if the 2hPG was greater than FPG (2hPG > FPG). 
4.2.4 Definition of fatal and non-fatal cardiovascular events 
For the cardiovascular mortality in the study IV, vital signs were assessed and recorded for each 
of the individuals attending the baseline examination. Individuals who had emigrated and for 
whom the vital status could not be confirmed were treated as censored at the time of emigration. 
The follow-up was almost complete, from 98% in the Newcastle Heart Project to 100% in most 
of the other studies (DECODE Study Group, 1999). Causes of death were coded according to 
the International Classification of Diseases (ICD), 9th Revision (10th Revision) (World Health 
Organization, 1994). Total CVD death was defined as ICD codes 401-448 (I10-I79). 
For the cardiovascular morbidity mentioned in study V, first-ever CHD and stroke events until 
the end of 2008 were ascertained through a computerized record linkage of the unique national 
identification numbers of survey participants to the national Causes of Death Registry and the 
national Hospital Discharge Registry both in Finnish (Mahonen et al., 2000; Tolonen et al., 
2007)  and in Swedish studies (Stegmayr & Asplund, 1992). Individuals with a prior history of 
CVD (including a history of CHD, myocardial infarction and stroke) were excluded from data 
analyses. Incident CHD events were defined as fatal CHD and non-fatal myocardial infarction; 
ischemic stroke events were defined as fatal and non-fatal ischemic strokes. ICD codes 410 to 
414 (I20 to I25) were categorized for fatal CHD; 410 to 411 (I21 to I22, I24) for non-fatal acute 
myocardial infarction; 433, 434, 436 (I63 to I64) for fatal and non-fatal ischemic strokes, 
respectively. 
4.2.5 Statistical analyses 
A general linear model of univariate ANOVA was used to estimate mean differences adjusting 
for age and study cohort. The Chi-square test was employed to calculate the difference in 
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proportions between study cohorts. All analyses were performed using SPSS 18.0 for Windows 
(SPSS Inc, Chicago, IL, USA). A probability of less than 0.05 (two tails) was considered 
statistically significant. The specific statistical methods in each study were described as follows: 
Study I: 
Logistic regression analysis was performed to estimate ORs (95% CIs) for the prevalence of 
diabetes corresponding to one SD increase in BMI, WC and triglycerides, adjusting for age, 
survey year, residential districts, FHD, occupational status, school years, income level, leisure 
time physical activity, smoking status, drinking status and hypertension status. 
Study II: 
Logistic regression analysis was employed to estimate the probability of having diabetes and 
95% CI for each BMI or WC category stratified by FHD and sex, adjusting for age, residential 
areas, occupation, educational level, income level, leisure time physical activity, smoking, 
drinking and hypertension status. Both observed the prevalence and estimated probability of 
diabetes were plotted and stratified by FHD and sex. β coefficients corresponding to linear form 
of BMI or WC were also estimated using logistic regression analysis to examine the slope or the 
strength of association of BMI (or WC) with the presence of diabetes in individuals with or 
without a positive FHD adjusting for any confusion.  
We employed the synergy index (SI) and relative excess risks due to interaction (RERI) to test 
whether the joint effect of FHD with obesity was greater than the sum of the independent effects 
of the single factor on the prevalence of diabetes. The SI was equal to [OR11-OR00] / 
[(OR01-OR00) + (OR10-OR00)],  and  the  RERI  was  equal  to  [OR11- OR01- OR10+1] (Rothman, 
1986). The OR stands for the odds ratio estimated using logistic regression analysis adjusting 
for age, residential areas, occupation, school year, income level, leisure time physical activity, 
smoking status, drinking status and hypertension status for individuals with both FHD and 
obesity (OR11), with FHD but without obesity (OR10) and without FHD but with obesity (OR01), 
as compared to those with neither FHD nor obesity (OR00). The SI > 1.0 and RERI > 0 indicate 
the presence of synergistic effect between FHD and elevated BMI (or WC). The synergistic 
effect of FHD and sex on diabetes was also assessed. The 95% CIs for the SI and RERI were 
calculated by the method of Hosmer and Lemeshow (Hosmer & Lemeshow, 1992).  
Study III: 
The age-specific prevalence of IFG and IGT by 10-year age groups were calculated for each 
study included in the DECODA. Logistic regression analysis was used to estimate age-specific 
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ORs and 95% CIs for IFG and IGT in each ethnic group, subsequently adjusting for BMI, study 
cohort, HOMA-IR and HOMA-B.  
Studies IV and V: 
The assumption of the proportionality was examined using log minus log survival plots for each 
categorical variable. None of these indicated departure from the assumption of the 
proportionality of hazards. Cox proportional hazards analysis was used to calculate HRs and 
their 95% CIs for CVD mortality (study IV) and morbidity (study V) for the Group II (2hPG > 
FPG) as compared with Group I (2hPG ≤ FPG). The multivariate models were adjusted for age, 
study cohort, FPG, BMI, total cholesterol, smoking status and hypertension status at baseline. 
Fasting insulin concentrations were additionally adjusted in a multivariate model in a subgroup.  
The difference between 2hPG and FPG (2hPG-FPG) as a continuous variable was also fitted 
into a separate multivariate model to examine whether the relationship of normoglycemia and 
CVD outcomes was linear. In addition, to check whether the “return of the 2hPG to the FPG 
level” was determined by the FPG levels, the comparison of Group II and Group I was further 
made in two FPG subgroups: FPG ≤ 5.6 mmol/L and 5.6 mmol/L < FPG < 6.1 mmol/L.  
Z-scores 
To reduce the bias derived from differences in laboratory assays between study cohorts, the 
cohort-specific Z score transformation was calculated for fasting triglycerides (Study I), FPG, 
2hPG (Study II) and fasting insulin concentrations (Studies III, IV and V) in each study cohort 
before the data was pooled together. The Z score was calculated according to the formula Z= 
[χ-μ]/σ, where χ stands for the raw values with mean (μ) and standard deviation (σ) (Larsen & 
Marx, 2000).
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5 RESULTS 
5.1 Risk factors and the prevalence of diabetes in Qingdao diabetes 
surveys (Study I) 
Characteristics of the study cohorts included in studies I, II and III are summarized in Table 3. 
Between 2001 and 2006, the age-standardized prevalence of type 2 diabetes increased from 
5.2% to 14.2% in men and from 7.2% to 14.5% in women in rural areas, and from 12.6% to 
19.4% in men and from 10.2% to 16.6% in women in urban areas in Qingdao, China (P < 0.05 
for all comparisons). The prevalence increased more in rural than in urban areas, and more in 
rural men than in rural women. Meanwhile, the prevalence of intermediate hyperglycemia was 
17.9% for men and 19.1% for women in urban areas in 2001-2002. The corresponding figures 
were 21.1% and 23.3% in rural areas, 33.7% and 29.7% in urban areas in 2006, for men and 
women, respectively. 
From 2001 to 2006, age-adjusted mean BMI and WC as well as the prevalence of obesity 
increased markedly in both men and women in rural areas but remained essentially unchanged in 
their urban counterparts. Similary, the prevalence of hypertension also increased in rural areas 
and reached the same level as that in urban areas 5 years previously. The upper level of school 
years, personal income and the number of people not working outside the home increased in rural 
areas and in urban women, whereas the frequency of leisure time physical activity reduced 
substantially in both areas.  
Age, FHD and WC were independent risk factors for diabetes and were common in both urban 
and rural areas, adjusting for conventional risk factors in a multivariate model. High education 
and high income were significantly associated with a reduced prevalence in all except in rural 
men. This was closely associated with weight gain. In comparison with 2001-2002, age- and 
district-adjusted ORs for the prevalence of diabetes in 2006 increased more pronouncedly in 
rural than in urban areas (men: 5.34 versus 1.85; women: 2.22 versus 1.74). Adjusting for FHD, 
the ORs decreased moderately in urban women and in rural men and women. A further 
reduction in the ORs for rural men and women was observed after an additional adjustment for 
WC, whereas decreased OR was observed only in rural men when SES or WC plus SES were 
fitted to the model. Further adjustment for occupation, leisure time physical activity, 
hypertension, smoking and drinking status, the ORs for diabetes prevalence did not change 
substantially. The corresponding figures were 1.92, 1.79 for urban men and women, 3.33 and 
1.70 for their rural counterparts respectively. 
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5.2 Joint effect of a family history of diabetes with obesity on the 
prevalence of type 2 diabetes in the Chinese and the Finns (Study 
II) 
Previous  studies  have  demonstrated  that  a  positive  FHD  and  obesity  were  two  major  risk  
factors for type 2 diabetes both in the Chinese and the Finns. Individuals with a positive FHD 
had greater BMI, WC, FPG and 2hPG than those without in both ethnic groups, except BMI 
and WC in Chinese women. Age-standardized prevalence of diabetes was significantly higher 
in individuals with a positive FHD than in those without in both ethnic groups (P < 0.05) 
(Figure 2 and 3). Compared with individuals having BMI < 30 kg/m2, those with BMI ≥ 30 
kg/m2 had  a  higher  prevalence  of  diabetes  in  all  (P < 0.001) except Chinese men. The 
prevalence of obesity defined by either BMI or WC was significantly higher in individuals 
with a positive FHD than those without (P < 0.05) in the Finns. Such a finding was only 
observed in the BMI category in Chinese men.  
A positive FHD was less reported in Chinese men and women than in their Finnish 
counterparts (P < 0.05). In comparison with the reference group, the ORs associated with the 
FHD alone were approximately equal in men as in women and not different in the Finns from 
those in the Chinese. Either a positive FHD or obesity was independently associated with an 
increased OR for type 2 diabetes; obesity plus a positive FHD slightly increased the OR over 
that for each factor alone. However, the synergistic effect of a positive FHD and obesity on 
diabetes was statistically significant only in Finnish men. The corresponding figures of SI 
were 2.4 (1.4-3.9) in the BMI category and 2.2 (1.3-3.6) in the WC category. Considering the 
cut-offs of the BMI or WC derived from the Europeans may be too high for the Chinese, 
further analyses were performed by lowering the BMI from  30kg/m2 to BMI  28kg/m2 or 
WC from  102  cm  to  WC   90  cm  for  men  and  from   88  cm  to   80 cm for women. 
Lowering  the  BMI  or  the  WC  cut-off  values  did  not  alter  the  results  in  the  Chinese.  The  
corresponding SIs were 0.72 (0.31, 1.36) and 0.90 (0.46, 1.58) in the new BMI category, and 
1.5 (0.5, 4.0) and 1.1 (0.6, 2.1) in the new WC category, for men and women, respectively. 
As compared with women without a FHD, the OR (95%CI) was 2.1 (1.5, 2.9) for men without a 
FHD, 2.1 (1.5, 2.9) for women with a positive FHD and 5.9 (4.2, 8.3) for men with a positive 
FHD in the Finns. The corresponding figures were 1.0 (0.8, 1.4), 1.9 (1.4, 2.6), 3.0 (2.0, 4.6) in 
the Chinese. The SIs (95%CIs) were 2.3 (1.5, 3.5) and 2.2 (1.0, 4.6) for the Finns and the 
Chinese, respectively.   
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Figure 2 Sex- and ethnic-specific prevalence of type 2 diabetes according to BMI categories and the presence 
(FHD+) or absence (FHD-) of a family history of diabetes (study II) 
 
        
 
Figure 3 Sex- and ethnic-specific prevalence of type 2 diabetes according to WC categories and the presence 
(FHD+) or absence (FHD-) of a family history of diabetes (study II)
5.3 The impact of insulin sensitivity and insulin secretion on 
intermediate hyperglycemia in relation to aging (Study III) 
The increased prevalence of intermediate hyperglycemia (IFG and IGT) as well as insulin 
resistance was associated with risk of type 2 diabetes. Along with age, the prevalence of obesity 
and physical inactivity it increases dramatically, which may accelerate the process of 
intermediate hyperglycemia and insulin resistance to diabetes. Characteristics of the individuals 
of Asian origin within non-diabetic hyperglycemia differed slightly among studies of the same 
ethnicity (Table 3). In all ethnic groups, the mean Z scores of FPG and 2hPG increased with age 
among men and women (P < 0.001 for all comparisons), while beta cell function declined with 
age, although it did not reach statistical significance in Indians living in India and Japanese men 
living in Brazil and the USA. However, no consistent trend was observed for mean Z scores of 
insulin resistance across age groups.  
The prevalence of IFG (Figure 4) and IGT (Figure 5) increased significantly with age in men 
and women of all ethnic groups (P for trends < 0.05 for all comparisons), except IFG in Indians 
living in India and African men living in Mauritius. As shown in Tables 4 and 5, the increase 
was more prominent for IGT than for IFG in both sexes, and the associations of age with IFG 
and  IGT were  not  altered  after  adjustment  for  BMI and  studies.  Further  adjustment  for  either  
insulin resistance, or beta cell function, or both simultaneously reduced the OR for IFG and IGT 
in all age groups of all ethnic groups. The reduction was slightly larger in the middle (50-59 
years) and old (60-69 years) age groups than in the younger (40-49 years) age group for IFG in 
some ethnic groups but not in others. The results based on pooled data analysis indicated that 
the  age-related  increase  in  IFG  also  remained  after  adjustment  for  insulin  resistance  and  beta  
cell function, although it decreased substantially. The OR for IGT decreased when both insulin 
resistance and beta cell function fitted simultaneously into the model, but the risk gradient for 
IGT still remained across age groups, suggesting an independent effect of age. 
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Figure 4 Age- and sex-specific prevalence of impaired fasting glucose (IFG) for men (A) and women (B). P < 0.05 
for increasing trends for all ethnic groups across age groups, except for Mauritian Indian and Mauritian African 
men (Study III)
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Table 4 Odds ratios and 95% confidence intervals for impaired fasting glucose (IFG) by age among individuals without 
diabetes (Study III) 
Ethnicity Age (years) P for trend 
 30-39 40-49 50-59 60-69  
Men      
Chinese-China        
Model 1 1 2.69 (1.70,4.26) 2.51 (1.49,4.21) 2.89 (1.68,4.97) <0.001 
Model 2: 1+HOMA-IR 1 2.76 (1.70,4.46) 2.72 (1.59,4.68) 3.06 (1.73,5.42) <0.001 
Model 3: 1+HOMA-B 1 2.39 (1.50,3.80) 2.02 (1.19,3.40) 2.34 (1.35,4.06) 0.012 
Model 4: 1+HOMA-IR+ HOMA-B 1 2.06 (0.85,5.02) 1.37 (0.53,3.54) 1.42 (0.51,3.94) 0.977 
African-Mauritius       
Model 1 1 1.64 (0.98,2.73) 2.11 (1.27,3.51) 1.02 (0.50,2.10) 0.140 
Model 2: 1+HOMA-IR 1 1.58 (0.93,2.70) 2.28 (1.34,3.87) 1.01 (0.47,2.15) 0.117 
Model 3: 1+HOMA-B 1 1.59 (0.95,2.67) 1.99 (1.19,3.33) 0.98 (0.47,2.01) 0.212 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.01 (0.36,2.85) 1.51 (0.54,4.18) 0.27 (0.05,1.43) 0.497 
Indian-India        
Model 1 1 0.76 (0.23,2.55) 2.70 (0.99,7.34) 4.28 (1.40,13.07) 0.004 
Model 2: 1+HOMA-IR 1 0.62 (0.18,2.13) 2.09 (0.73,5.99) 4.17 (1.35,12.87) 0.009 
Model 3: 1+HOMA-B 1 0.86 (0.25,2.91) 2.92 (1.06,8.04) 4.64 (1.49,14.42) 0.003 
Model 4: 1+HOMA-IR+ HOMA-B 1 0.68 (0.16,2.88) 1.09 (0.28,4.22) 4.78 (1.24,18.39) 0.056 
Indian-Mauritius       
Model 1 1 1.49 (1.03,2.15) 1.89 (1.27,2.81) 0.78 (0.41,1.49) 0.193 
Model 2: 1+HOMA-IR 1 1.57 (1.07,2.29) 2.02 (1.34,3.05) 0.86 (0.45,1.65) 0.107 
Model 3: 1+HOMA-B 1 1.42 (0.98,2.06) 1.73 (1.16,2.58) 0.71 (0.37,1.36) 0.429 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.17 (0.55,2.46) 1.25 (0.58,2.71) 0.68 (0.24,1.91) 0.768 
Japanese-Brazil/USA        
Model 1 1 1.33 (0.71,2.48) 3.12 (1.67,5.85) 2.25 (1.22,4.16) 0.001 
Model 2: 1+HOMA-IR 1 1.35 (0.72,2.52) 3.29 (1.75,6.20) 2.35 (1.27,4.34) 0.001 
Model 3: 1+HOMA-B 1 1.24 (0.65,2.37) 2.74 (1.44,5.20) 1.98 (1.06,3.70) 0.006 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.06 (0.51,2.22) 2.76 (1.32,5.75) 1.98 (0.96,4.08) 0.008 
Subtotal      
Model 1 1 1.66 (1.33,2.07) 2.26 (1.79,2.86) 1.74 (1.32,2.28) <0.001 
Model 2: 1+HOMA-IR 1 1.67 (1.33,2.10) 2.41 (1.90,3.07) 1.83 (1.38,2.42) <0.001 
Model 3: 1+HOMA-B 1 1.58 (1.26,1.98) 2.02 (1.59,2.56) 1.54 (1.17,2.03) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.26 (0.94,1.69) 1.54 (1.14,2.08) 1.19 (0.84,1.70) 0.086 
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Women      
Chinese-China        
Model 1 1 1.20 (0.78,1.86) 2.58 (1.68,3.98) 2.61 (1.55,4.39) <0.001 
Model 2: 1+HOMA-IR 1 1.29 (0.82,2.02) 2.45 (1.57,3.84) 2.69 (1.58,4.60) <0.001 
Model 3: 1+HOMA-B 1 1.03 (0.66,1.60) 2.06 (1.33,3.21) 2.04 (1.20,3.48) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.24 (0.55,2.81) 1.77 (0.79,3.99) 1.88 (0.72,4.96) 0.107 
African-Mauritius        
Model 1 1 2.04 (1.10,3.79) 3.32 (1.87,5.90) 3.60 (1.95,6.62) <0.001 
Model 2: 1+HOMA-IR 1 2.36 (1.25,4.46) 3.63 (2.01,6.55) 4.17 (2.22,7.85) <0.001 
Model 3: 1+HOMA-B 1 1.76 (0.94,3.28) 2.83 (1.57,5.07) 2.94 (1.58,5.49) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.71 (0.36,8.18) 2.48 (0.57,10.75) 4.01 (0.81.19.94) 0.076 
Indian-India        
Model 1 1 4.26 (1.14,15.94) 3.11 (0.61,15.81) 11.04 (2.49,45.98) 0.003 
Model 2: 1+HOMA-IR 1 4.59 (1.18,17.87) 3.33 (0.64,17.49) 12.45 (2.66,58.32) 0.003 
Model 3: 1+HOMA-B 1 3.88 (1.03,14.57) 2.96 (0.58,15.09) 9.96 (2.25,44.08) 0.005 
Model 4: 1+HOMA-IR+ HOMA-B 1 3.21 (0.69,14.99) 3.14 (0.51,19.23) 11.77 (2.18,63.52) 0.006 
Indian-Mauritius        
Model 1 1 1.65 (1.01,2.69) 2.77 (1.71,4.50) 4.21 (2.49,7.10) <0.001 
Model 2: 1+HOMA-IR 1 1.90 (1.15,3.16) 3.11 (1.88,5.14) 4.97 (2.89,8.56) <0.001 
Model 3: 1+HOMA-B 1 1.45 (0.88,2.38) 2.29 (1.40,3.76) 3.37 (1.98,5.74) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 0.86 (0.20,3.71) 2.34 (0.66,8.26) 1.29 (0.32,5.21) 0.396 
Japanese-Brazil/USA       
Model 1 1 1.90 (0.97,3.73) 2.43 (1.27,4.68) 2.42 (1.23,4.77) 0.013 
Model 2: 1+HOMA-IR 1 1.87 (0.95,3.69) 2.56 (1.32,4.93) 2.37 (1.20,4.67) 0.014 
Model 3: 1+HOMA-B 1 1.92 (0.97,3.81) 2.32 (1.20,4.49) 2.46 (1.24,4.89) 0.015 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.72 (0.71,4.15) 2.47 (1.05,5.80) 2.42 (1.01,5.83) 0.040 
Subtotal      
Model 1 1 1.66 (1.28,2.14) 2.86 (2.22,3.68) 3.30 (2.49,4.36) <0.001 
Model 2: 1+HOMA-IR 1 1.82 (1.40,2.37) 3.03 (2.34,3.92) 3.57 (2.68,4.76) <0.001 
Model 3: 1+HOMA-B 1 1.49 (1.15,1.93) 2.42 (1.87,3.13) 2.80 (2.11,3.72) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.35 (0.96,1.90) 1.73 (1.24,2.41) 2.04 (1.41,2.93) <0.001 
Model 1 adjusted for body mass index and studies. HOMA-IR, homeostasis model assessment of insulin resistance; 
HOMA-B, homeostasis model assessment of beta cell function 
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Figure 5 Age- and sex-specific prevalence of impaired glucose tolerance (IGT) for men (A) and women (B). P < 0.05 
for increasing trends for all ethnic groups across age groups. (Study III) 
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Table 5 Odds ratios and 95% confidence intervals for impaired glucose tolerance (IGT) by age among individuals without 
diabetes (Study III) 
 
Ethnicity Age (years) P for trend 
 30-39 40-49 50-59 60-69  
Men      
Chinese-China        
Model 1 1 1.73 (1.25,2.38) 2.54 (1.78,3.63) 3.57 (2.46,5.19) <0.001 
Model 2: 1+HOMA-IR 1 1.72 (1.25,2.38) 2.61 (1.82,3.74) 3.58 (2.45,5.22) <0.001 
Model 3:1+HOMA-B 1 1.67 (1.21,2.30) 2.40 (1.67,3.44) 3.39 (2.32,4.93) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.53 (1.10,2.12) 2.15 (1.49,3.10) 2.97 (2.02,4.35) <0.001 
African-Mauritius        
Model 1 1 1.31 (0.78,2.18) 1.83 (1.10,3.04) 2.59 (1.45,4.62) 0.001 
Model 2: 1+HOMA-IR 1 1.25 (0.74,2.11) 1.88 (1.12,3.16) 2.64 (1.46,4.74) <0.001 
Model 3: 1+HOMA-B 1 1.30 (0.78,2.18) 1.82 (1.09,3.03) 2.58 (1.44,4.61) 0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.04 (0.61,1.79) 1.58 (0.93,2.69) 2.29 (1.26,4.18) 0.004 
Indian-India        
Model 1 1 2.22 (1.30,3.81) 3.56 (2.01,6.29) 4.78 (2.40,9.54) <0.001 
Model 2: 1+HOMA-IR 1 2.06 (1.20,3.56) 3.27 (1.83,5.84) 4.58 (2.28,9.20) <0.001 
Model 3: 1+HOMA-B 1 2.27 (1.33,3.90) 3.61 (2.04,6.39) 4.84 (2.42,9.66) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 2.07 (1.19,3.61) 3.15 (1.74,5.70) 4.50 (2.22,9.12) <0.001 
Indian-Mauritius        
Model 1 1 1.54 (1.12,2.12) 1.75 (1.22,2.49) 2.07 (1.35,3.20) <0.001 
Model 2: 1+HOMA-IR 1 1.57 (1.14,2.17) 1.80 (1.25,2.59) 2.20 (1.42,3.40) <0.001 
Model 3: 1+HOMA-B 1 1.56 (1.14,2.15) 1.79 (1.25,2.56) 2.13 (1.38,3.29) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.50 (1.08,2.08) 1.63 (1.12,2.35) 2.00 (1.29,3.11) <0.001 
Japanese-Brazil/USA        
Model 1 1 2.13 (1.17,3.90) 3.62 (2.00,6.56) 4.05 (2.29,7.17) <0.001 
Model 2: 1+HOMA-IR 1 2.19 (1.19,4.04) 3.93 (2.15,7.18) 4.37 (2.45,7.82) <0.001 
Model 3: 1+HOMA-B 1 2.14 (1.17,3.90) 3.65 (2.00,6.63) 4.07 (2.29,7.24) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 2.17 (1.15,4.07) 3.46 (1.86,6.43) 3.95 (2.17,7.19) <0.001 
Subtotal         
Model 1 1 1.65 (1.38,1.98) 2.33 (1.92,2.83) 3.04 (2.46,3.76) <0.001 
Model 2: 1+HOMA-IR 1 1.64 (1.36,1.97) 2.39 (1.97,2.91) 3.11 (2.51,3.85) <0.001 
Model 3: 1+HOMA-B 1 1.64 (1.37,1.97) 2.30 (1.90,2.80) 3.01 (2.43,3.72) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.52 (1.26,1.83) 2.07 (1.70,2.53) 2.73 (2.20,3.39) <0.001 
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Women      
Chinese-China        
Model 1 1 1.72 (1.29,2.31) 1.92 (1.39,2.66) 3.84 (2.68,5.47) <0.001 
Model 2: 1+HOMA-IR 1 1.80 (1.34,2.42) 1.84 (1.32,2.56) 3.93 (2.74,5.64) <0.001 
Model 3: 1+HOMA-B 1 1.71 (1.27,2.29) 1.89 (1.36,2.63) 3.77 (2.63,5.41) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.61 (1.19,2.17) 1.51 (1.07,2.11) 3.22 (2.23,4.65) <0.001 
African-Mauritius        
Model 1 1 1.19 (0.78,1.82) 1.45 (0.96,2.20) 1.51 (0.95,2.39) 0.039 
Model 2: 1+HOMA-IR 1 1.29 (0.84,2.00) 1.49 (0.98,2.28) 1.62 (1.01,2.60) 0.023 
Model 3: 1+HOMA-B 1 1.23 (0.80,1.89) 1.51 (0.99,2.30) 1.57 (0.99,2.51) 0.027 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.19 (0.77,1.84) 1.24 (0.80,1.92) 1.37 (0.85,2.22) 0.178 
Indian-India        
Model 1 1 1.57 (0.99,2.49) 3.03 (1.79,5.11) 3.31 (1.72,6.38) <0.001 
Model 2: 1+HOMA-IR 1 1.50 (0.94,2.40) 2.89 (1.70,4.90) 3.16 (1.63,6.12) <0.001 
Model 3: 1+HOMA-B 1 1.54 (0.97,2.45) 3.00 (1.77,5.06) 3.24 (1.68,6.26) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.38 (0.86,2.22) 2.74 (1.61,4.66) 2.87 (1.48,5.58) <0.001 
Indian-Mauritius        
Model 1 1 1.03 (0.79,1.34) 1.37 (1.03,1.82) 2.19 (1.57,3.04) <0.001 
Model 2: 1+HOMA-IR 1 1.12 (0.85,1.47) 1.46 (1.08,1.95) 2.40 (1.71,3.37) <0.001 
Model 3: 1+HOMA-B 1 1.05 (0.80,1.37) 1.41 (1.05,1.88) 2.28 (1.63,3.19) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.04 (0.79,1.37) 1.27 (0.94,1.71) 1.98 (1.40,2.80) <0.001 
Japanese-Brazil/USA       
Model 1 1 1.49 (0.87,2.55) 2.01 (1.18,3.42) 2.82 (1.67,4.78) <0.001 
Model 2: 1+HOMA-IR 1 1.50 (0.87,2.58) 2.05 (1.20,3.50) 2.79 (1.64,4.75) <0.001 
Model 3: 1+HOMA-B 1 1.49 (0.87,2.56) 2.01 (1.18,3.43) 2.83 (1.67,4.80) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.42 (0.82,2.47) 1.92 (1.12,3.31) 2.60 (1.52,4.46) <0.001 
Subtotal         
Model 1 1 1.31 (1.13,1.53) 1.66 (1.41,1.96) 2.48 (2.07,2.98) <0.001 
Model 2: 1+HOMA-IR 1 1.38 (1.18,1.61) 1.67 (1.41,1.97) 2.56 (2.13,3.08) <0.001 
Model 3: 1+HOMA-B 1 1.32 (1.13,1.55) 1.68 (1.42,1.98) 2.51 (2.09,3.02) <0.001 
Model 4: 1+HOMA-IR+ HOMA-B 1 1.27 (1.08,1.48) 1.45 (1.22,1.71) 2.20 (1.83,2.66) <0.001 
Model 1 adjusted for body mass index and studies. HOMA-IR, homeostasis model assessment of insulin resistance; 
HOMA-B, homeostasis model assessment of beta cell function 
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5.4 Normoglycemia and cardiovascular mortality in Europeans 
without a prior history of diabetes (Study IV) 
During a median follow-up of 9.0 years, a total of 827 CVD deaths in men and 246 in women 
was accumulated to estimate the relationship between elevated 2hPG and CVD outcomes 
within the normoglycemic range (Table 6). In comparison with individuals whose 2hPG 
returned to FPG levels (Group I), mortality from CVD was significantly higher in both men and 
women whose 2hPG did not (Group II) (7.4 versus 5.4; 2.3 versus 1.4 per 1,000 person-years, 
respectively, P < 0.05 for all). Individuals in Group II were older and had greater levels of BMI, 
blood pressure, fasting insulin concentrations than those in Group I in both sexes (P < 0.001 for 
all comparisons). 
HR for CVD mortality was 1.22 (1.05-1.41) in men and 1.40 (1.03-1.89) in women whose 
2hPG did not return to FPG level as compared with those in whom it did, adjusting for age, 
study cohort, BMI, FPG, total serum cholesterol, smoking and hypertension status. Further 
analysis in the two FPG subgroups did not alter the results either. HRs (95% CIs) for the CVD 
mortality were 1.27 (1.08-1.48) in individuals with a FPG ≤ 5.6 mmol/L and 1.26 (1.00-1.59) in 
those with a FPG 5.6-6.1 mmol/L, for Group II versus Group I. The trends did not alter after 
adjustment for fasting insulin concentrations in a subgroup including 9978 men and 7350 
women. The corresponding figures were 1.25 (1.05-1.50) and 1.60 (1.03-2.48) for CVD 
mortality in men and in women respectively. 
The trends did not change after the categorical glucose variables were replaced by the 
continuous variables. HRs (95% CIs) corresponding to one unit (mmol/L) increase in the 
difference between the 2hPG and the FPG concentrations (2hPG-FPG) were 1.09 (1.03-1.16) 
and 1.09 (0.97-1.23) for the CVD deaths in men and in women respectively. 
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5.5 Normoglycemia, coronary heart disease and ischemic stroke 
incidence in Europeans without a prior history of diabetes (Study 
V) 
A total of 3743 men and 3916 women from 9 Finnish and Swedish study groups, who were free 
of CVD at enrolment, was included to study the relationship between elevated 2hPG and the 
incidence of CHD and ischemic stroke within the normoglycemic range (Table 7). The 
incidences of ischemic stroke, and combined CHD and ischemic stroke were higher in Group II 
than in Group I in men (4.5 versus 2.8; 11.3 versus 8.7 per 1,000 person-years, P < 0.05 for all 
comparisons), but not in women. In addition, mean values of age, BMI, 2hPG, blood pressure 
and fasting insulin were significantly greater in Group II than in those in Group I in both sexes 
(P < 0.05 for all comparisons), except BMI and systolic blood pressure in women. 
Hazard ratios for ischemic stroke and composite CVD events were significantly higher in 
Group II than in Group I in men, but not in women, adjusting for age, study cohort, BMI, FPG, 
total serum cholesterol, smoking status and hypertension status. The corresponding figures were 
1.40 (1.06-1.85) and 1.20 (1.01-1.42) for men, 0.94 (0.59-1.50) and 1.10 (0.79-1.54) for women 
respectively. HRs corresponding to one unit (mmol/L) increase in the difference between the 
2hPG and the FPG (2hPG-FPG) was significantly increased for the CHD events in women 
[1.24 (1.03-1.50)] and composite CVD events in all individuals [1.08 (1.01-1.15)].  
In the sensitivity analysis, multivariate-adjusted HRs (95% CIs) for the composite CVD events 
for Group II versus Group I were 1.09 (0.91-1.30) and 1.41 (1.06-1.86) in the FPG categories of 
≤ 5.6 mmol/L and 5.6-6.1 mmol/L; and 1.16 (0.96-1.40) and 1.27 (0.99-1.64) in the age groups 
of < 60 years and ≥ 60 years, respetively. In addition, the same data analysis was also conducted 
in a subgroup of 4082 individuals with fasting insulin concentrations, producing a HR (95% CI) 
of 1.10 (0.90-1.34) in a multivariate model with unadjusted fasting insulin, to 1.09 (0.89-1.33) 
and 1.10 (0.90-1.34) when the model fit to fasting insulin and HOMA-IR seperately. Neither the 
fasting insulin levels nor the HOMA-IR changed the trends substantially. 
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6 DISCUSSION 
6.1 Risk factors associated with the increased prevalence of type 2 
diabetes in the Chinese population 
With the development of urbanization and aging, the prevalence of type 2 diabetes has 
increased at an alarming rate around the world. Two population-based cross-sectional surveys 
carried out 5 years apart demonstrated that the prevalence of type 2 diabetes increased 
remarkably in Chinese adults. The increased prevalence of diabetes was more prominent in 
rural areas than in urban areas. Age, a positive FHD and obesity were significantly associated 
with the increase in type 2 diabetes after adjustments for other conventional risk factors. 
Urbanization is associated with unhealthy lifestyles such as physical inactivity, high-fat diets, 
and obesity, which are involved in the etiology of diabetes (Muntner et al., 2005; Reynolds et al., 
2007; Yang et al., 2010). It is well documented that the prevalence of type 2 diabetes was 
substantially higher in urban areas than in rural areas either in high-income or in low- and 
middle-income countries (International Diabetes Federation, 2009). In the past three decades, 
rapid urbanization and economic development have been implicated in the increased prevalence 
of diabetes in China. The prevalence of diabetes increased substantially from less than 1.0% in 
1980 (National Diabetes Co-operative Study Group, 1981) to 9.7% in 2008 (Yang et al., 2010). 
The effect of socioeconomic status, i.e. income and education, on the risk of diabetes may be 
partly mediated by obesity. Our study showed a significant inverse association between 
educational or income levels and risk of diabetes in women, but opposite results were observed 
in rural men. As shown in study I, the prevalence of type 2 diabetes rose together with an 
increase in obesity. The mean BMI and WC increased dramatically in rural areas during a 
5-year period, whereas the corresponding figures remained stable in urban areas. This may 
explain the greater increase in the prevalence of diabetes in rural areas than in urban areas. 
Meanwhile, the prevalence of intermediate hyperglycemia has also increased dramatically over 
the past five years. Based on the current trends of obesity and intermediate hyperglycemia, it 
can be expected that diabetes will continue to increase, particularly in rural areas in the near 
future if there is no intervention.  
The randomized controlled clinical trials have confirmed that weight reduction and lifestyle 
modification  could  prevent  or  delay  the  onset  of  diabetes  among  individuals  with  IFG/IGT  
(Knowler et al., 2002; Kosaka et al., 2005; Pan et al., 1997a; Ramachandran et al., 2006;  
Tuomilehto et al., 2001). However, the increased use of vehicles has replaced physical 
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activity over the last 20 years in China. Outcomes from Chinese National Health and 
Nutrition Surveys demonstrated that average weekly physical activity levels among Chinese 
adults declined by 32% between 1991 and 2006 (Ng et al., 2009). Similarly, a sedentary 
lifestyle increased dramatically over the study period in our findings. Only about 15% of the 
study population attended moderate or vigorous leisure time physical activity due to the 
decrease in space for public activities and the increase in private vehicles and home 
entertaiment such as television and Internet games. Additionally, a relatively low proportion 
of weight-bearing activities may partly explain why physical activity did not have an effect on 
the prevalence of diabetes in this study. Our recent data showed that the awareness rates of 
individuals recognizing the risk factors of diabetes were still low in the survey of 2006, with 
figures of 36%, 34% and 18% for obesity, FHD and physical inactivity respectively (Zhang et 
al., 2012). This is alarming and calls for immediate action to promote healthy lifestyle in 
parallel with the economic development. 
6.2 Ethnic differences in the joint effect of a family history of diabetes 
and obesity on type 2 diabetes 
Type 2 diabetes is a complex disorder, and both genetic and environmental factors play vital 
roles in the disease’s development. Both a positive FHD and obesity have been well recognized 
as independent risk factors for diabetes (Hu et al., 2009; Mykkänen et al., 1990; Ning et al., 
2009). The synergistic effect of a positive FHD with obesity on diabetes was statistically 
significant in some studies (Chen et al., 2010; Hilding et al., 2006; Knowler et al., 1981; Morris 
et al., 1989; Sargeant et al., 2000), but not in others (Boer et al.,1996; Fujimoto et al.,1991). Our 
current study showed that the joint effect of a positive FHD with obesity on the risk of diabetes 
was only observed in Finnish men, but not in Finnish women or the Chinese. However, the 
study question needs to be further investigated due to several limitations in the current data 
analysis. Firstly, the study was made only among a narrow age range so the findings may not be 
able to be extrapolated to the general population; secondly, the diabetes awareness in the 
Chinese study was low at the time of the survey (Zhang et al., 2012), which might lead to an 
underestimation of the FHD, and weaken its relative effect. 
The strong synergistic effect observed in Finnish men may be a chance finding certain lifestyle 
factors, which warrants further investigation. A study in the Netherlands has observered the 
synergistic effect of BMI with a positive FHD in women only, whereas WC and a positive FHD 
work synergistically in both sexes (van Dam et al., 2001). Although the synergistic effect of a 
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positive FHD with obesity is absent, a strong association of obesity with diabetes in individuals 
without FHD was observed in both sexes for both the Finns and the Chinese. The effects of the 
two factors were stronger in the Chinese than in the Finns since the former had a higher 
prevalence of diabetes in the same BMI (WC) and FHD categories. Similarly, our previous 
reports based on the DECODA and DECODE studies showed that, the prevalence of newly 
diagnosed diabetes was higher in the Chinese than in Europeans in the same BMI or WC 
categories across BMI or WC distributions (Nyamdorj et al., 2010). Previous studies have 
shown that body fat levels, i.e. visceral fat mass and subcutaneous adipose tissue, were 
substantially higher in the Chinese for a given BMI level than in Europeans (Lear et al., 2007). 
Obviously, the traditional cardiovascular risk factors such as age, blood pressure and lifestyle 
factors cannot fully explain the diabetes difference in the current study. The low level of leisure 
time physical activity (38.6% in China and 81.1% in Finland) might contribute to the high 
prevalence of diabetes in the Chinese.  
Family history of diabetes represents valuable information on genetic and environmental 
exposure. Individuals with a positive FHD have displayed early features of metabolic syndrome, 
such as obesity, elevated blood glucose and dyslipidemia consistent with findings in this study 
(Groop et al., 1996; Li et al., 2000). Familial factors play a vital role on the relationship 
between insulin sensitivity and glucose effectiveness (the ability of glucose to promote its own 
disposal), which may modulate the risk of the development of intermediate hyperglycemia and 
diabetes (Arslanian et al., 2005; Lopez et al., 2009). The lifestyle and behavioral factors, such as 
physical  inactivity  and  an  unhealthy  diet,  as  well  as  obesity,  are  commonly  shared  by  family  
members (Kosti et al., 2008). Individuals with a positive FHD may benefit from both early 
identification of an increased risk of diabetes and aggressive primary diabetes prevention 
(Uusitupa et al., 2011). Considering the strong association between two risk factors and type 2 
diabetes, obesity and FHD can be useful screening tools to identify people at a high risk of 
diabetes (American Diabetes Association, 2004; Annis et al., 2005; Gao et al., 2010; Griffin et 
al., 2000; Harrison et al., 2003; Lindstrom & Tuomilehto, 2003) and to fight against the 
growing epidemic of diabetes. 
6.3 Insulin resistance, insulin secretion and intermediate 
hyperglycemia in relation to aging 
The prevalence of IFG and IGT increased with age in people of Asian origin. The age-related 
increase in IFG leveled off when both insulin resistance and beta cell function were fitted into 
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the model in most of the ethnic groups studied, but the age-related increase in IGT could not be 
fully explained by the age-related decline in insulin sensitivity and beta cell function. Aging per 
se or unmeasured age-related factors have played an important role in the decline in glucose 
tolerance, whereas disorders in insulin metabolism largely explained the age-related increase in 
IFG. The results of this study lent support to our earlier study among Europeans (Qiao et al., 
2005). 
Insulin resistance and reduced beta cell function are the hallmarks of intermediate 
hyperglycemia. The isolated IFG is associated with reduced hepatic insulin sensitivity and beta 
cell dysfunction (DeFronzo, 2004), while the isolated IGT is associated with peripheral insulin 
resistance and defective insulin secretion (Bogardus et al., 1984). It should also be noted that the 
homeostasis model assessment of insulin resitance is calculated based on fasting values and 
may reflect hepatic insulin resistance better than peripheral insulin resistance. Although the 
homeostasis model assessment of insulin resistance and beta cell function correlated reasonably 
well with the clamp tests when used to assess the risk of type 2 diabetes in cross-sectional or 
prospective studies (Bonora et al., 2000; Haffner et al., 1996; Haffner et al., 1997), as a 
surrogate measure it has limitations on assessing beta cell function as compared with a direct 
measure of insulin secretion (Festa et al., 2008). 
Aging is associated with increased body fat and decreased physical activity, which may 
contribute to the decline in insulin sensitivity in the elderly and consequently to the 
deterioration in glucose metabolism. On the other hand, body fat loss after exercise improves 
glucose metabolism and is associated with the reversal of insulin resistance in the elderly (Misra 
et al., 2008; O'Leary et al., 2006). Experimental studies have also shown that the age-related 
decline in insulin sensitivity is most likely attributed to body composition and physical fitness, 
rather  than  age  per  se  (Basu  et  al.,  2003;  Chiu  et  al.,  2000;  Chiu  et  al.,  2005).  Whether  the  
reduced insulin sensitivity and impaired glucose metabolism result from chronological age or 
lifestyle-related factors such as adiposity and physical inactivity remains debatable (Karakelides 
et al., 2010; Lanza & Nair, 2009). However, hyperglycemia has been shown to be able to 
accelerate the loss of beta cell mass because beta cells from older individuals appear to be more 
sensitive to the adverse effects of glucose induced apotosis (Maedler et al., 2006). More studies 
on the issue are required to understand the underlying mechanism of the age-related 
deteriroration in glucose tolerance. 
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6.4 Normoglycemia and cardiovascular mortality and morbidity 
The relationship between glucose levels and CVD has been extensively investigated. A 
J-shaped relationship between FPG and CVD was observed among Europeans without a prior 
history of diabetes (Barr et al., 2009; DECODE Study Group, 2003b). Different from the 
FPG-CVD relationship, a linear or graded, rather than a J-shaped relationship between 
post-challenge glucose levels and CVD risk, has been reported in many studies (Barr et al., 
2009; Coutinho et al., 1999; DECODE Study Group, 2003b; Levitan et al., 2004). Irrespective 
of  influence  on  the  prior  history  of  diabetes  and  CVD,  an  elevated  2hPG  is  also  a  better  
predictor than FPG for the incidence of CHD (Qiao et al., 2002; Smith et al., 2002) and 
ischemic stroke (Hyvarinen et al., 2009) among general populations with hyperglycemia, as 
compared with those with normoglycemia. Thus far, none of the studies have restricted the 
comparison between glucose and CVD outcomes to the individuals with normoglycemia, a 
category considered as having a relatively low risk for either diabetes (Abdul-Ghani et al., 2006; 
Ferrannini et al., 2005; Reynolds et al., 2006) or CVD profiles (Succurro et al., 2009). It 
confirmed that individuals whose 2hPG did not return to the FPG levels had a higher risk of 
CVD mortality (study IV) and morbidity (study V) than those whose 2hPG did even in 
normoglycemic range. Moreover, the conventional risk factors adjusted in the current study did 
not explain the differences in CVD risk between the two glucose groups. 
The higher CVD risk associated with the elevated 2hPG was consistently observed in the 
stratified analysis in the two FPG categories (FPG ≤ 5.6mmol/L, 5.6 < FPG ≤ 6.1mmol/L), 
suggesting the effect was independent of the FPG levels. Moreover, the difference between the 
2hPG and the FPG, as a continuous variable, also increased risk of CVD in a 
multivariate-adjusted model. Our study, therefore, confirmed that the association of glucose 
with a risk of CVD may extend to 2hPG levels below the current definition for IGT. The time 
that is required for the 2hPG concentration return to, or drop below, the FPG level depends on 
the insulin response during the OGTT and peripheral/hepatic insulin sensitivity. Elevated 
fasting insulin levels have been shown to contribute to the progress of diabetes and CVD among 
individuals with normoglycemia (Abdul-Ghani et al., 2006; Succurro et al., 2009). Insulin 
resistance and its clustering with other metabolic disorders such as obesity and hypertension 
might be associated with increased CVD mortality and morbidity observed in Group II. It 
indicated that the 2hPG concentration was higher in Group II than in Group I, regardless of the 
elevated fasting insulin levels, suggesting that insulin resistance already occurred among 
individuals with normoglycemia by the current definition. Independent of the conventional risk 
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factors, the progressive deterioration of insulin sensitivity and beta cell function occurred during 
the normoglycemic stage (Kahn, 2001; O'Malley et al., 2010; Piche et al., 2005). Since the 
insulin levels during the OGTT were not available in this study, further exploration of the issue 
is warranted. 
Insulin resistance promotes arteriosclerosis through the mechanism of dyslipidemia, but also as 
a proinflammatory state. Both insulin resistance and endothelial dysfunction, commonly 
occurring with hyperglycemia, have been considered as the underlying mechanism contributing 
to the development of arteriosclerosis (Bakker et al., 2009; Balletshofer et al., 2000; Boger et al., 
1998; Dignat-George & Sampol, 2000; Goldfine et al., 2003). Additionally, excess proinsulin 
has exhibited moderate but significant associations with blood pressure and total cholesterol, 
triglycerides and low density lipoprotein cholesterol regardless of diabetic status (Haffner et al., 
1993; Hanley et al., 2001; Yudkin et al., 1997). Hyperglycemia promotes the production of 
reactive oxygen species and also increases the production of advanced glycation end-products 
(AGEs), and these molecules are crucial in the pathogenesis of endothelial damage that 
precedes arteriosclerotic changes of the vascular wall (Goh & Cooper, 2008; Yamagishi et al., 
2005). One possibility is that hyperglycemia-induced early arteriogenesis leads to an increased 
probability of CVD in later life. Despite accumulated evidence linking hyperglycemia to an 
increased risk of macro-vascular diseases (Klein, 1995), the molecular mechanisms underlying 
vascular damage are not clear. Additionally, markers of inflammation and endothelial 
dysfunction, both of which have been shown to relate more strongly to post-load than to fasting 
plasma glucose concentrations, and might represent unmeasured confounders which underlie 
the observed relationships (Yudkin, 2002; Yudkin et al., 1999). To what extent these factors 
contribute to the increased risk of CVD in people with a high normal 2hPG is not known, and 
needs to be further investigated. 
6.5 Methodological considerations 
Strength 
Firstly, the study consisted of Europeans and populations of Asian origin, and all the studies 
were population-based with a random sampling approach, except the Helsinki Policemen Study 
and the Hong Kong Workforce Survey on Cardiovascular Risk Factors (occupational studies). 
Secondly,  a  standard  2-h  OGTT  was  performed  in  all  the  studies  to  classify  individuals  with  
type 2 diabetes, intermediate hyperglycemia and normoglycemia. Populations of the same 
ethnicity were pooled to increase statistical power and study cohort was also considered as a 
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covariate in the data analysis. The CVD mortality and incident CHD or ischemic stroke events 
in both Finnish and Swedish cohorts has been obtained through their national registers which 
have been approved to be valid, complete and uniformly classified according to the ICD coding.  
Limitations 
There are limitations in the current study. Cross-sectional study design (studies I, II and III) was 
not able to determine the direction of associations, or a causal relationship. Fasting insulin 
assays were different between the study cohorts. In order to reduce the discrepancies caused by 
differences in laboratory methods among these studies (studies III-V), we have calculated a 
cohort-specific Z-score for fasting insulin concentrations, which was used in the data analyses. 
Both HOMA-IR and HOMA-B, as surrogate indicators of insulin sensitivity and insulin action, 
do not directly reflect the capacity of beta cells to confront the glucose challenge. Due to the 
low number of incidents of CHD or ischemic stroke cases in Finnish and Swedish women, the 
findings require further investigation. Other conventional risk factors, such as HbA1c levels and 
WC were not available for all groups included in studies IV and V. In addition, some 
lifestyle-related factors such as diet and physical activity, which may have a potential 
contribution to the CVD, were not available either. To what extent these missing variables 
influence the normoglycemia-CVD relationship need to be further investigated. 
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7 SUMMARY AND CONCLUSIONS 
The key findings related to the specific aims are summarized below: 
1) Established risk factors have greatly contributed to the secular increase in the prevalence of 
diabetes in the Chinese population, and changes in these factors could explain the recent 
dramatic increase in the prevalence of diabetes, particularly in rural areas. Considering the 
increasing prevalence of obesity and physical inactivity, massive health promotions and 
lifestyle interventions are urgently required in China. 
2) Both a positive FHD and obesity played key roles on the presence of diabetes both in the 
Chinese and Finnish populations, but a joint effect of both factors on the risk of diabetes 
was significant only in Finnish men. 
3) The deterioration of the glucose metabolism among non-diabetic populations of people of 
Asian origin with age could not be fully explained by the age-related decline in insulin 
sensitivity and insulin secretion, estimated by the homeostasis model assessment. 
4) The elevated 2hPG was positively and significantly associated with CVD outcomes 
independent of FPG even in individuals whose fasting and postload glucose concentrations 
were within a normal range. The deterioration in insulin resistance and CVD risk factor 
profiles also extended to the normoglycemic range. 
The results from this research are in line with other recent studies showing that type 2 diabetes 
has dramatically increased in China, and that obesity is the major modifiable risk factor 
contributing to the fast increase in the prevalence of diabetes, also in China, where people have 
traditionally been relatively lean. The socioeconomic status is closely and inversely associated 
with the presence of diabetes. Obesity is strongly associated with intermediate hyperglycemia 
and insulin resistance. Massive health promotions and lifestyle interventions, particularly at the 
general population level will be required to tackle the increasing trend in diabetes prevalence in 
China. 
Obesity and a positive FHD are major risk factors for developing diabetes. Excess food 
consumption and a sedentary lifestyle lead to obesity, characteristically with central distribution 
due to visceral fat accumulation, insulin resistance and rising blood glucose levels. Individuals 
with a positive FHD and obesity may benefit from both early identification of the increased risk 
of diabetes and aggressive primary diabetes prevention. Evidence from epidemiological study 
has also confirmed that FHD and obesity can be useful screening tools to identify people at a 
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high risk of diabetes. Improvement of diabetes awareness and obesity intervention are needed to 
strengthen the prevention of diabetes. The deterioration of intermediate hyperglycemia, 
particularly IGT, with age cannot be fully explained by the age-related decline in the 
homeostasis model assessment of insulin sensitivity and insulin secretion in populations of 
Asian orgin. This indicates age per se or certain unmeasured factors might have contributed to 
the deterioration in glucose tolerance when getting old, and may provide an insight into research 
on the pathophysiology of glucose metabolism. 
Accumulated evidence indicates that 2hPG is superior to FPG in relation to the assessment of 
the risk of future CVD events in subjects without a prior history of diabetes at baseline. Several 
studies have demonstrated that people whose 2hPG did not return to the FPG levels during 
OGTT had a significantly higher risk of developing type 2 diabetes and a worse cardiovascular 
risk factor profile than individuals whose 2hPG did even within a normoglycemic range. Our 
study lent further support to previous studies by showing that people who failed to return their 
post-load glucose concentration to their fasting levels, even within a normal glucose range, were 
insulin resistant and had a higher CVD mortality and morbidity compared with those who were 
able to return their FPG levels. The findings further supported the view that the CVD risk 
extends well below the diabetes diagnostic value based on the post-challenge glucose levels, 
and may have certain clinical implications regarding diabetes diagnosis and glycemic 
management target. 
 
 
63 
 
8 ACKNOWLEDGEMENTS 
This work was carried out in the Department of Public Health, Hjelt Institute, University of 
Helsinki from 2008 to 2013. I wish to thank the Institute for providing me with excellent 
research facilities. The research grant by the Centre for International Mobility and travel grant 
by the Dotoral Programs in Public Health are gratefully acknowledged. 
I would like to express my deepest respect and gratitude to my supervisors Adjunct Professor 
Qing Qiao and Professor Jaakko Tuomilehto for their excellent guidance and support. Both of 
them introduce me to the field of diabetes research. Qing always gives creative ideas, comments 
my manuscripts and encourages me throught my study. Her serious dedication and passion for 
the research has deeply touched me. Jaakko gives me intelligent ideas and suggestions to 
improve my work during the years.  
I sincerely thank the official reviewers of the dissertation, Associate Professor Sofia Carlsson 
and Associate Professor Mikko Syvänne for their time, careful work and invaluable comments, 
and Professor Claes-Göran Östenson for accepting the role of the opponent in public defence. 
I owe my gratitude to all my co-authors of the original publications, who kindly spent time to 
read and comment on the manuscripts. I am also grateful to the researchers of the DECODA/E 
studies for collecting the excellent data. This thesis would not have been possible without the 
help of their contributions. 
I greatly appreciate Professor Zengchang Pang and Professor Shaojie Wang for their 
recommendation and for introducing me to Qing. I wish to express thanks to my colleagues, 
Weiguo Gao, Lei Zhang, Xin Song, Yanlei Zhang, Hairong Nan, Regzedmaa Nyamdorj, 
Xianghai Zhou, Jing Zhao, Liang He, Haining Wang, and many others, who have always given 
me great help during the years of study in Helsinki. I appreciate Sirkka Koskinen, Pirjo 
Saastamoinen, Pirkko Särkijärvi and Mari Siltala for their help with practical matters and Karri 
Silventoinen for his timely help in preparing for the popular abstract of this work in Finnish. 
Finally  I  would  like  to  extend  my  sincerest  thanks  to  my  wife  Yumei  Wang,  son  Jinhao  and  
parents, for their incredible support and encouragement during all these years. 
 
 
Helsinki, June 2013 
64 
 
9 REFERENCES 
Abate, N., Chandalia, M., Snell, P. G., & Grundy, S. M. (2004). Adipose tissue metabolites and 
insulin resistance in nondiabetic Asian Indian men. The Journal of Clinical Endocrinology 
and Metabolism, 89(6), 2750-2755.  
Abdul-Ghani, M. A., Jenkinson, C. P., Richardson, D. K., Tripathy, D., & DeFronzo, R. A. 
(2006). Insulin secretion and action in subjects with impaired fasting glucose and impaired 
glucose tolerance: Results from the Veterans administration genetic epidemiology study. 
Diabetes, 55(5), 1430-1435.  
Abdul-Ghani,  M.  A.,  Matsuda,  M.,  Balas,  B.,  &  DeFronzo,  R.  A.  (2007).  Muscle  and  liver  
insulin resistance indexes derived from the oral glucose tolerance test. Diabetes Care, 30(1), 
89-94.  
Abdul-Ghani, M. A., Williams, K., DeFronzo, R., & Stern, M. (2006). Risk of progression to 
type 2 diabetes based on relationship between postload plasma glucose and fasting plasma 
glucose. Diabetes Care, 29(7), 1613-1618.  
Abraira, C., Duckworth, W., McCarren, M., Emanuele, N., Arca, D., Reda, D., Henderson, W., 
& VA Cooperative Study of Glycemic Control and Complications in Diabetes Mellitus 
Type 2. (2003). Design of the cooperative study on glycemic control and complications in 
diabetes mellitus type 2: Veterans affairs diabetes trial. Journal of Diabetes and its 
Complications, 17(6), 314-322.  
abu Sayeed, M., Ali, L., Hussain, M. Z., Rumi, M. A., Banu, A., & Azad Khan, A. K. (1997). 
Effect of socioeconomic risk factors on the difference in prevalence of diabetes between 
rural and urban populations in Bangladesh. Diabetes Care, 20(4), 551-555.  
Adult Treatment Panel III. (2001). Executive summary of the third report of the National 
Cholesterol Education Program (NCEP) expert panel on detection, evaluation, and 
treatment  of  high  blood  cholesterol  in  adults  (Adult  Treatment  Panel  III). The Journal of 
the American Medical Association, 285(19), 2486-2497.  
Agardh, E., Allebeck, P., Hallqvist, J., Moradi, T., & Sidorchuk, A. (2011). Type 2 diabetes 
incidence and socio-economic position: A systematic review and meta-analysis. 
International Journal of Epidemiology, 40(3), 804-818.  
Ahlqvist, E., Ahluwalia, T. S., & Groop, L. (2011). Genetics of type 2 diabetes. Clinical 
Chemistry, 57(2), 241-254.  
Ahren, B., & Pacini, G. (1998). Age-related reduction in glucose elimination is accompanied by 
reduced glucose effectiveness and increased hepatic insulin extraction in man. The Journal 
of Clinical Endocrinology and Metabolism, 83(9), 3350-3356.  
Amati, F. (2012). Revisiting the diacylglycerol-induced insulin resistance hypothesis. Obesity 
Reviews, 13 Suppl 2, 40-50.  
American Diabetes Association. (1997). Report of the expert committee on the diagnosis and 
classification of diabetes mellitus. Diabetes Care, 20(7), 1183-1197.  
American Diabetes Association. (2004). Screening for type 2 diabetes. Diabetes Care, 27 Suppl 
1, S11-4.  
Annis, A. M., Caulder, M. S., Cook, M. L., & Duquette, D. (2005). Family history, diabetes, 
and other demographic and risk factors among participants of the national health and 
nutrition examination survey 1999-2002. Preventing Chronic Disease, 2(2), A19.  
Arslanian, S. A., Bacha, F., Saad, R., & Gungor, N. (2005). Family history of type 2 diabetes is 
associated with decreased insulin sensitivity and an impaired balance between insulin 
sensitivity and insulin secretion in white youth. Diabetes Care, 28(1), 115-119.  
Bakker, W., Eringa, E. C., Sipkema, P., & van Hinsbergh, V. W. (2009). Endothelial 
dysfunction and diabetes: Roles of hyperglycemia, impaired insulin signaling and obesity.  
Cell and Tissue Research, 335(1), 165-189.  
65 
 
Baliunas, D. O., Taylor, B. J., Irving, H., Roerecke, M., Patra, J., Mohapatra, S., & Rehm, J. 
(2009). Alcohol as a risk factor for type 2 diabetes: A systematic review and meta-analysis. 
Diabetes Care, 32(11), 2123-2132.  
Balletshofer, B. M., Rittig, K., Enderle, M. D., Volk, A., Maerker, E., Jacob, S., Matthaei, S., 
Rett, K., & Haring, H. U. (2000). Endothelial dysfunction is detectable in young 
normotensive first-degree relatives of subjects with type 2 diabetes in association with 
insulin resistance. Circulation, 101(15), 1780-1784.  
Banerji, M. A., Faridi, N., Atluri, R., Chaiken, R. L., & Lebovitz, H. E. (1999). Body 
composition, visceral fat, leptin, and insulin resistance in Asian Indian men. The Journal of 
Clinical Endocrinology and Metabolism, 84(1), 137-144.  
Barr, E. L., Boyko, E. J., Zimmet, P. Z., Wolfe, R., Tonkin, A. M., & Shaw, J. E. (2009). 
Continuous relationships between non-diabetic hyperglycaemia and both cardiovascular 
disease and all-cause mortality: The Australian diabetes, obesity, and lifestyle (AusDiab) 
study. Diabetologia, 52(3), 415-424.  
Barr, E. L., Zimmet, P. Z., Welborn, T. A., Jolley, D., Magliano, D. J., Dunstan, D. W., 
Cameron, A. J., Dwyer, T., Taylor, H. R., Tonkin, A. M., Wong, T. Y., McNeil, J., & Shaw, 
J. E. (2007). Risk of cardiovascular and all-cause mortality in individuals with diabetes 
mellitus, impaired fasting glucose, and impaired glucose tolerance: The Australian diabetes, 
obesity, and lifestyle study (AusDiab). Circulation, 116(2), 151-157.  
Barrett-Connor, E., & Khaw, K. T. (1988). Diabetes mellitus: An independent risk factor for 
stroke? American Journal of Epidemiology, 128(1), 116-123.  
Barroso, I. (2005). Genetics of type 2 diabetes. Diabetic Medicine, 22(5), 517-535.  
Barzilai, N., Huffman, D. M., Muzumdar, R. H., & Bartke, A. (2012). The critical role of 
metabolic pathways in aging. Diabetes, 61(6), 1315-1322.  
Basu, R., Breda, E., Oberg, A. L., Powell, C. C., Dalla Man, C., Basu, A., Vittone, J. L., Klee, G. 
G., Arora, P., Jensen, M. D., Toffolo, G., Cobelli, C., & Rizza, R. A. (2003). Mechanisms 
of the age-associated deterioration in glucose tolerance: Contribution of alterations in 
insulin secretion, action, and clearance. Diabetes, 52(7), 1738-1748.  
Berger, K., Schulte, H., Stogbauer, F., & Assmann, G. (1998). Incidence and risk factors for 
stroke in an occupational cohort: The PROCAM study. Stroke, 29(8), 1562-1566.  
Bergman, R. N., Finegood, D. T., & Ader, M. (1985). Assessment of insulin sensitivity in vivo. 
Endocrine Reviews, 6(1), 45-86.  
Bergman, R. N., Ider, Y. Z., Bowden, C. R., & Cobelli, C. (1979). Quantitative estimation of 
insulin sensitivity. The American Journal of Physiology, 236(6), E667-77.  
Beulens, J. W., Stolk, R. P., van der Schouw, Y. T., Grobbee, D. E., Hendriks, H. F., & Bots, M. 
L. (2005). Alcohol consumption and risk of type 2 diabetes among older women. Diabetes 
Care, 28(12), 2933-2938.  
Billings, L. K., & Florez, J. C. (2010). The genetics of type 2 diabetes: What have we learned 
from GWAS? Annals of the New York Academy of Sciences, 1212, 59-77.  
Bjørnholt, J. V., Erikssen, G., Liestøl, K., Jervell, J., Thaulow, E., & Erikssen, J. (2000). Type 2 
diabetes and maternal family history: An impact beyond slow glucose removal rate and 
fasting hyperglycemia in low-risk individuals? Results from 22.5 years of follow-up of 
healthy nondiabetic men. Diabetes Care, 23(9), 1255-1259.  
Boden, G. (1997). Role of fatty acids in the pathogenesis of insulin resistance and NIDDM. 
Diabetes, 46(1), 3-10.  
Boden, G., Chen, X., DeSantis, R. A., & Kendrick, Z. (1993). Effects of age and body fat on 
insulin resistance in healthy men. Diabetes Care, 16(5), 728-733.  
Boer, J. M., Feskens, E. J., & Kromhout, D. (1996). Characteristics of non-insulin-dependent 
diabetes mellitus in elderly men: Effect modification by family history. International 
Journal of Epidemiology, 25(2), 394-402.  
66 
 
Bogardus, C., Lillioja, S., Howard, B. V., Reaven, G., & Mott, D. (1984). Relationships 
between  insulin  secretion,  insulin  action,  and  fasting  plasma  glucose  concentration  in  
nondiabetic and noninsulin-dependent diabetic subjects. The Journal of Clinical 
Investigation, 74(4), 1238-1246.  
Boger, R. H., Bode-Boger, S. M., Szuba, A., Tsao, P. S., Chan, J. R., Tangphao, O., Blaschke, T. 
F., & Cooke, J. P. (1998). Asymmetric dimethylarginine (ADMA): A novel risk factor for 
endothelial dysfunction: Its role in hypercholesterolemia. Circulation, 98(18), 1842-7.  
Bonora, E., Kiechl, S., Willeit, J., Oberhollenzer, F., Egger, G., Bonadonna, R., & Muggeo, M. 
(1999).  Plasma  glucose  within  the  normal  range  is  not  associated  with  carotid  
atherosclerosis: Prospective results in subjects with normal glucose tolerance from the 
bruneck study. Diabetes Care, 22(8), 1339-1346.  
Bonora, E., Targher, G., Alberiche, M., Bonadonna, R. C., Saggiani, F., Zenere, M. B., 
Monauni, T., & Muggeo, M. (2000). Homeostasis model assessment closely mirrors the 
glucose clamp technique in the assessment of insulin sensitivity: Studies in subjects with 
various degrees of glucose tolerance and insulin sensitivity. Diabetes Care, 23(1), 57-63.  
Bourey, R. E., Kohrt, W. M., Kirwan, J. P., Staten, M. A., King, D. S., & Holloszy, J. O. (1993). 
Relationship between glucose tolerance and glucose-stimulated insulin response in 
65-year-olds. Journal of Gerontology, 48(4), M122-7.  
Boyko, E. J., & Jensen, C. C. (2007). Do we know what homeostasis model assessment 
measures? If not, does it matter? Diabetes Care, 30(10), 2725-2728.  
Bradley, D., Magkos, F., & Klein, S. (2012). Effects of bariatric surgery on glucose homeostasis 
and type 2 diabetes. Gastroenterology, 143(4), 897-912.  
Broughton, D. L., James, O. W., Alberti, K. G., & Taylor, R. (1991). Peripheral and hepatic 
insulin sensitivity in healthy elderly human subjects. European Journal of Clinical 
Investigation, 21(1), 13-21.  
Buchanan, T. A., Watanabe, R. M., & Xiang, A. H. (2010). Limitations in surrogate measures 
of insulin resistance. The Journal of Clinical Endocrinology and Metabolism, 95(11), 
4874-4876.  
Carlsson, L. M., Peltonen, M., Ahlin, S., Anveden, A., Bouchard, C., Carlsson, B., Jacobson, P., 
Lonroth, H., Maglio, C., Naslund, I., Pirazzi, C., Romeo, S., Sjoholm, K., Sjostrom, E., 
Wedel, H., Svensson, P. A., & Sjostrom, L. (2012). Bariatric surgery and prevention of 
type 2 diabetes in Swedish obese subjects. New England Journal of Medicine, 367(8), 
695-704.  
Carter, P., Gray, L. J., Troughton, J., Khunti, K., & Davies, M. J. (2010). Fruit and vegetable 
intake and incidence of type 2 diabetes mellitus: Systematic review and meta-analysis. 
British Medical Journal (Clinical Research Ed), 341, c4229.  
Chan, J. C., Malik, V., Jia, W., Kadowaki, T., Yajnik, C. S., Yoon, K. H., & Hu, F. B. (2009). 
Diabetes in Asia: Epidemiology, risk factors, and pathophysiology. The Journal of the 
American Medical Association, 301(20), 2129-2140.  
Chan, J. M., Rimm, E. B., Colditz, G. A., Stampfer, M. J., & Willett, W. C. (1994). Obesity, fat 
distribution, and weight gain as risk factors for clinical diabetes in men. Diabetes Care, 
17(9), 961-969.  
Chandalia, M., Lin, P., Seenivasan, T., Livingston, E. H., Snell, P. G., Grundy, S. M., & Abate, 
N. (2007). Insulin resistance and body fat distribution in South Asian men compared to 
Caucasian men. PloS One, 2(8), e812.  
Chang, Y. C., Liu, P. H., Lee, W. J., Chang, T. J., Jiang, Y. D., Li, H. Y., Kuo, S. S., Lee, K. C., 
& Chuang, L. M. (2008). Common variation in the fat mass and obesity-associated (FTO) 
gene confers risk of obesity and modulates BMI in the Chinese population. Diabetes, 57(8), 
2245-2252.  
Charbonnel, B., Dormandy, J., Erdmann, E., Massi-Benedetti, M., & Skene, A. (2004). The 
67 
 
prospective pioglitazone clinical trial in macrovascular events (PROactive). Diabetes Care, 
27(7), 1647-1653.  
Chen, M., Bergman, R. N., Pacini, G., & Porte, D.,Jr. (1985). Pathogenesis of age-related 
glucose intolerance in man: Insulin resistance and decreased beta-cell function. The 
Journal of Clinical Endocrinology and Metabolism, 60(1), 13-20.  
Chen, Y., Rennie, D. C., & Dosman, J. A. (2010). Synergy of BMI and family history on 
diabetes: The Humboldt study. Public Health Nutrition, 13(4), 461-465.  
Chiu, K. C., Lee, N. P., Cohan, P., & Chuang, L. M. (2000). Beta cell function declines with 
age in glucose tolerant caucasians. Clinical Endocrinology, 53(5), 569-575.  
Chiu, K. C., Martinez, D. S., & Chu, A. (2005). Comparison of the relationship of age and beta 
cell function in three ethnic groups. Clinical Endocrinology, 62(3), 296-302.  
Clausen, J. O., Borch-Johnsen, K., Ibsen, H., Bergman, R. N., Hougaard, P., Winther, K., & 
Pedersen, O. (1996). Insulin sensitivity index, acute insulin response, and glucose 
effectiveness in a population-based sample of 380 young healthy caucasians. Analysis of 
the impact of gender, body fat, physical fitness, and life-style factors. The Journal of 
Clinical Investigation, 98(5), 1195-1209.  
Cnop, M., Landchild, M. J., Vidal, J., Havel, P. J., Knowles, N. G., Carr, D. R., Wang, F., Hull, 
R. L., Boyko, E. J., Retzlaff, B. M., Walden, C. E., Knopp, R. H., & Kahn, S. E. (2002). 
The concurrent accumulation of intra-abdominal and subcutaneous fat explains the 
association between insulin resistance and plasma leptin concentrations: Distinct metabolic 
effects of two fat compartments. Diabetes, 51(4), 1005-1015.  
Colditz, G. A., Willett, W. C., Rotnitzky, A., & Manson, J. E. (1995). Weight gain as a risk 
factor for clinical diabetes mellitus in women. Annals of Internal Medicine, 122(7), 
481-486.  
Connolly, V., Unwin, N., Sherriff, P., Bilous, R., & Kelly, W. (2000). Diabetes prevalence and 
socioeconomic status: A population based study showing increased prevalence of type 2 
diabetes mellitus in deprived areas. Journal of Epidemiology and Community Health, 54(3), 
173-177.  
Coon, P. J., Rogus, E. M., Drinkwater, D., Muller, D. C., & Goldberg, A. P. (1992). Role of 
body fat distribution in the decline in insulin sensitivity and glucose tolerance with age. The 
Journal of Clinical Endocrinology and Metabolism, 75(4), 1125-1132.  
Corsi, D. J., & Subramanian, S. V. (2012). Association between socioeconomic status and 
self-reported diabetes in India: A cross-sectional multilevel analysis. British Medical 
Journal Open, 2(4), 10.1136/bmjopen-2012-000895.  
Coutinho, M., Gerstein, H. C., Wang, Y., & Yusuf, S. (1999). The relationship between glucose 
and incident cardiovascular events. A metaregression analysis of published data from 20 
studies of 95,783 individuals followed for 12.4 years. Diabetes Care, 22(2), 233-240.  
Cowie, C. C., Rust, K. F., Byrd-Holt, D. D., Eberhardt, M. S., Flegal, K. M., Engelgau, M. M., 
Saydah, S. H., Williams, D. E., Geiss, L. S., & Gregg, E. W. (2006). Prevalence of diabetes 
and impaired fasting glucose in adults in the U.S. population: National Health and Nutrition 
Examination Survey 1999-2002. Diabetes Care, 29(6), 1263-1268.  
Cowie, C. C., Rust, K. F., Ford, E. S., Eberhardt, M. S., Byrd-Holt, D. D., Li, C., Williams, D. 
E., Gregg, E. W., Bainbridge, K. E., Saydah, S. H., & Geiss, L. S. (2009). Full accounting 
of diabetes and pre-diabetes in the U.S. population in 1988-1994 and 2005-2006. Diabetes 
Care, 32(2), 287-94.  
Cremer, P., Nagel, D., Mann, H., Labrot, B., Müller-Berninger, R., Elster, H., & Seidel, D. 
(1997). Ten-year follow-up results from the goettingen risk, incidence and prevalence study 
(GRIPS). I. risk factors for myocardial infarction in a cohort of 5790 men. Atherosclerosis, 
129(2), 221-230.  
Dabelea, D., Hanson, R. L., Bennett, P. H., Roumain, J., Knowler, W. C., & Pettitt, D. J. (1998). 
68 
 
Increasing prevalence of type II diabetes in American Indian children. Diabetologia, 41(8), 
904-910.  
Danaei, G., Lawes, C. M., Vander Hoorn, S., Murray, C. J., & Ezzati, M. (2006). Global and 
regional mortality from ischaemic heart disease and stroke attributable to 
higher-than-optimum blood glucose concentration: Comparative risk assessment. Lancet, 
368(9548), 1651-1659.  
Davis,  C.  L.,  Pollock,  N.  K.,  &  Waller,  J.  L.  (2012).  Exercise  dose  and  diabetes  risk  in  
overweight and obese children: A randomized controlled trial. The Journal of the American 
Medical Association, 308(11), 1103-1112.  
DECODE Study Group. (1999). Glucose tolerance and mortality: Comparison of WHO and 
American diabetes association diagnostic criteria. The DECODE study group. European 
Diabetes Epidemiology Group. Diabetes epidemiology: Collaborative analysis of 
diagnostic criteria in Europe. Lancet, 354(9179), 617-621.  
DECODE Study Group. (2003a). Age- and sex-specific prevalences of diabetes and impaired 
glucose regulation in 13 European cohorts. Diabetes Care, 26(1), 61-69.  
DECODE Study Group. (2003b). Is the current definition for diabetes relevant to mortality risk 
from all causes and cardiovascular and noncardiovascular diseases? Diabetes Care, 26(3), 
688-696.  
DECODE Study Group. (2001). Glucose tolerance and cardiovascular mortality: Comparison of 
fasting and 2-hour diagnostic criteria. Archives of Internal Medicine, 161(3), 397-405.  
Defronzo, R. A. (1979). Glucose intolerance and aging: Evidence for tissue insensitivity to 
insulin. Diabetes, 28(12), 1095-1101.  
DeFronzo, R. A. (2004). Pathogenesis of type 2 diabetes mellitus. The Medical Clinics of North 
America, 88(4), 787-835.  
DeFronzo, R. A., Tobin, J. D., & Andres, R. (1979). Glucose clamp technique: A method for 
quantifying insulin secretion and resistance. The American Journal of Physiology, 237(3), 
E214-23.  
Dignat-George, F., & Sampol, J. (2000). Circulating endothelial cells in vascular disorders: 
New insights into an old concept. European Journal of Haematology, 65(4), 215-220.  
Dixon,  J.  B.,  le  Roux,  C.  W.,  Rubino,  F.,  &  Zimmet,  P.  (2012).  Bariatric  surgery  for  type  2  
diabetes. Lancet, 379(9833), 2300-2311.  
Dong, Y., Gao, W., Nan, H., Yu, H., Li, F., Duan, W., Wang, Y., Sun, B., Qian, R., Tuomilehto, 
J., & Qiao, Q. (2005). Prevalence of type 2 diabetes in urban and rural Chinese populations 
in Qingdao, China. Diabetic Medicine, 22(10), 1427-1433.  
Donnelly,  J.  E.,  Blair,  S.  N.,  Jakicic,  J.  M.,  Manore,  M.  M.,  Rankin,  J.  W.,  Smith,  B.  K.,  &  
American College of Sports Medicine. (2009). American College of Sports Medicine 
Position Stand. Appropriate physical activity intervention strategies for weight loss and 
prevention of weight regain for adults. Medicine and Science in Sports and Exercise, 41(2), 
459-471.  
Dormandy, J. A., Charbonnel, B., Eckland, D. J., Erdmann, E., Massi-Benedetti, M., Moules, I. 
K., Skene, A. M., Tan, M. H., Lefebvre, P. J., Murray, G. D., Standl, E., Wilcox, R. G., 
Wilhelmsen, L., Betteridge, J., Birkeland, K., Golay, A., Heine, R. J., Koranyi, L., Laakso, 
M., Mokan, M., Norkus, A., Pirags, V., Podar, T., Scheen, A., Scherbaum, W., 
Schernthaner, G., Schmitz, O., Skrha, J., Smith, U., Taton, J., & PROactive investigators. 
(2005). Secondary prevention of macrovascular events in patients with type 2 diabetes in 
the PROactive study (PROspective pioglitAzone clinical trial in macroVascular events): A 
randomised controlled trial. Lancet, 366(9493), 1279-1289.  
Duckworth, W., Abraira, C., Moritz, T., Reda, D., Emanuele, N., Reaven, P. D., Zieve, F. J., 
Marks, J., Davis, S. N., Hayward, R., Warren, S. R., Goldman, S., McCarren, M., Vitek, M. 
E., Henderson, W. G., & Huang, G. D. (2009). Glucose control and vascular complications 
69 
 
in veterans with type 2 diabetes. New England Journal of Medicine, 360(2), 129-139.  
Dupuis, J., Langenberg, C., Prokopenko, I., Saxena, R., Soranzo, N., Jackson, A. U., Wheeler, 
E., Glazer, N. L., Bouatia-Naji, N., Gloyn, A. L., Lindgren, C. M., Magi, R., Morris, A. P., 
Randall, J., Johnson, T., Elliott, P., Rybin, D., Thorleifsson, G., Steinthorsdottir, V., 
Henneman, P., Grallert, H., Dehghan, A., Hottenga, J. J., Franklin, C. S., Navarro, P., Song, 
K., Goel, A., Perry, J. R., Egan, J. M., Lajunen, T., Grarup, N., Sparso, T., Doney, A., 
Voight, B. F., Stringham, H. M., Li, M., Kanoni, S., Shrader, P., Cavalcanti-Proenca, C., 
Kumari, M., Qi, L., Timpson, N. J., Gieger, C., Zabena, C., Rocheleau, G., Ingelsson, E., 
An, P., O'Connell, J., Luan, J., Elliott, A., McCarroll, S. A., Payne, F., Roccasecca, R. M., 
Pattou, F., Sethupathy, P., Ardlie, K., Ariyurek, Y., Balkau, B., Barter, P., Beilby, J. P., 
Ben-Shlomo, Y., Benediktsson, R., Bennett, A. J., Bergmann, S., Bochud, M., Boerwinkle, 
E., Bonnefond, A., Bonnycastle, L. L., Borch-Johnsen, K., Bottcher, Y., Brunner, E., 
Bumpstead, S. J., Charpentier, G., Chen, Y. D., Chines, P., Clarke, R., Coin, L. J., Cooper, 
M. N., Cornelis, M., Crawford, G., Crisponi, L., Day, I. N., de Geus, E. J., Delplanque, J., 
Dina,  C.,  Erdos,  M.  R.,  Fedson,  A.  C.,  Fischer-Rosinsky,  A.,  Forouhi,  N.  G.,  Fox,  C.  S.,  
Frants, R., Franzosi, M. G., Galan, P., Goodarzi, M. O., Graessler, J., Groves, C. J., Grundy, 
S., Gwilliam, R., Gyllensten, U., Hadjadj, S., Hallmans, G., Hammond, N., Han, X., 
Hartikainen, A. L., Hassanali, N., Hayward, C., Heath, S. C., Hercberg, S., Herder, C., 
Hicks, A. A., Hillman, D. R., Hingorani, A. D., Hofman, A., Hui, J., Hung, J., Isomaa, B., 
Johnson, P. R., Jorgensen, T., Jula, A., Kaakinen, M., Kaprio, J., Kesaniemi, Y. A., 
Kivimaki, M., Knight, B., Koskinen, S., Kovacs, P., Kyvik, K. O., Lathrop, G. M., Lawlor, 
D. A., Le Bacquer, O., Lecoeur, C., Li, Y., Lyssenko, V., Mahley, R., Mangino, M., 
Manning, A. K., Martinez-Larrad, M. T., McAteer, J. B., McCulloch, L. J., McPherson, R., 
Meisinger, C., Melzer, D., Meyre, D., Mitchell, B. D., Morken, M. A., Mukherjee, S., 
Naitza, S., Narisu, N., Neville, M. J., Oostra, B. A., Orru, M., Pakyz, R., Palmer, C. N., 
Paolisso, G., Pattaro, C., Pearson, D., Peden, J. F., Pedersen, N. L., Perola, M., Pfeiffer, A. 
F., Pichler, I., Polasek, O., Posthuma, D., Potter, S. C., Pouta, A., Province, M. A., Psaty, B. 
M., Rathmann, W., Rayner, N. W., Rice, K., Ripatti, S., Rivadeneira, F., Roden, M., 
Rolandsson, O., Sandbaek, A., Sandhu, M., Sanna, S., Sayer, A. A., Scheet, P., Scott, L. J., 
Seedorf, U., Sharp, S. J., Shields, B., Sigurethsson, G., Sijbrands, E. J., Silveira, A., 
Simpson, L., Singleton, A., Smith, N. L., Sovio, U., Swift, A., Syddall, H., Syvanen, A. C., 
Tanaka, T., Thorand, B., Tichet, J., Tonjes, A., Tuomi, T., Uitterlinden, A. G., van Dijk, K. 
W., van Hoek, M., Varma, D., Visvikis-Siest, S., Vitart, V., Vogelzangs, N., Waeber, G., 
Wagner, P. J., Walley, A., Walters, G. B., Ward, K. L., Watkins, H., Weedon, M. N., Wild, 
S. H., Willemsen, G., Witteman, J. C., Yarnell, J. W., Zeggini, E., Zelenika, D., Zethelius, 
B., Zhai, G., Zhao, J. H., Zillikens, M. C., DIAGRAM Consortium, GIANT Consortium, 
Global BPgen Consortium, Borecki, I. B., Loos, R. J., Meneton, P., Magnusson, P. K., 
Nathan, D. M., Williams, G. H., Hattersley, A. T., Silander, K., Salomaa, V., Smith, G. D., 
Bornstein, S. R., Schwarz, P., Spranger, J., Karpe, F., Shuldiner, A. R., Cooper, C., 
Dedoussis, G. V., Serrano-Rios, M., Morris, A. D., Lind, L., Palmer, L. J., Hu, F. B., 
Franks, P. W., Ebrahim, S., Marmot, M., Kao, W. H., Pankow, J. S., Sampson, M. J., 
Kuusisto, J., Laakso, M., Hansen, T., Pedersen, O., Pramstaller, P. P., Wichmann, H. E., 
Illig, T., Rudan, I., Wright, A. F., Stumvoll, M., Campbell, H., Wilson, J. F., Anders 
Hamsten on behalf of Procardis Consortium, MAGIC investigators, Bergman, R. N., 
Buchanan, T. A., Collins, F. S., Mohlke, K. L., Tuomilehto, J., Valle, T. T., Altshuler, D., 
Rotter, J. I., Siscovick, D. S., Penninx, B. W., Boomsma, D. I., Deloukas, P., Spector, T. D., 
Frayling, T. M., Ferrucci, L., Kong, A., Thorsteinsdottir, U., Stefansson, K., van Duijn, C. 
M., Aulchenko, Y. S., Cao, A., Scuteri, A., Schlessinger, D., Uda, M., Ruokonen, A., 
Jarvelin, M. R., Waterworth, D. M., Vollenweider, P., Peltonen, L., Mooser, V., Abecasis, 
G. R., Wareham, N. J., Sladek, R., Froguel, P., Watanabe, R. M., Meigs, J. B., Groop, L., 
70 
 
Boehnke,  M.,  McCarthy,  M.  I.,  Florez,  J.  C.,  &  Barroso,  I.  (2010).  New  genetic  loci  
implicated in fasting glucose homeostasis and their impact on type 2 diabetes risk. Nature 
Genetics, 42(2), 105-116.  
Ebrahim, S., Kinra, S., Bowen, L., Andersen, E., Ben-Shlomo, Y., Lyngdoh, T., Ramakrishnan, 
L., Ahuja, R. C., Joshi, P., Das, S. M., Mohan, M., Davey Smith, G., Prabhakaran, D., 
Reddy, K. S., & Indian Migration Study group. (2010). The effect of rural-to-urban 
migration on obesity and diabetes in india: A cross-sectional study. PLoS Medicine, 7(4), 
e1000268.  
Eguchi, K., Boden-Albala, B., Jin, Z., Di Tullio, M. R., Rundek, T., Rodriguez, C. J., Homma, 
S., & Sacco, R. L. (2007). Usefulness of fasting blood glucose to predict vascular outcomes 
among individuals without diabetes mellitus (from the Northern Manhattan Study). The 
American Journal of Cardiology, 100(9), 1404-1409.  
Emerging Risk Factors Collaboration, Sarwar, N., Gao, P., Seshasai, S. R., Gobin, R., Kaptoge, 
S., Di Angelantonio, E., Ingelsson, E., Lawlor, D. A., Selvin, E., Stampfer, M., Stehouwer, 
C. D., Lewington, S., Pennells, L., Thompson, A., Sattar, N., White, I. R., Ray, K. K., & 
Danesh, J. (2010). Diabetes mellitus, fasting blood glucose concentration, and risk of 
vascular disease: A collaborative meta-analysis of 102 prospective studies. Lancet, 
375(9733), 2215-2222.  
Esteghamati, A., Ashraf, H., Esteghamati, A. R., Meysamie, A., Khalilzadeh, O., Nakhjavani, 
M., & Abbasi, M. (2009). Optimal threshold of homeostasis model assessment for insulin 
resistance in an Iranian population: The implication of metabolic syndrome to detect 
insulin resistance. Diabetes Research and Clinical Practice, 84(3), 279-287.  
Evans, J. L., Maddux, B. A., & Goldfine, I. D. (2005). The molecular basis for oxidative 
stress-induced insulin resistance. Antioxidants & Redox Signaling, 7(7-8), 1040-1052.  
Ferrannini, E., Gastaldelli, A., Miyazaki, Y., Matsuda, M., Mari, A., & DeFronzo, R. A. (2005). 
Beta-cell function in subjects spanning the range from normal glucose tolerance to overt 
diabetes: A new analysis. The Journal of Clinical Endocrinology and Metabolism, 90(1), 
493-500.  
Ferrannini, E., Vichi, S., Beck-Nielsen, H., Laakso, M., Paolisso, G., & Smith, U. (1996). 
Insulin action and age. European group for the study of insulin resistance (EGIR). Diabetes, 
45(7), 947-953.  
Festa,  A.,  Williams,  K.,  Hanley,  A.  J.,  &  Haffner,  S.  M.  (2008).  Beta-cell  dysfunction  in  
subjects with impaired glucose tolerance and early type 2 diabetes: Comparison of 
surrogate markers with first-phase insulin secretion from an intravenous glucose tolerance 
test. Diabetes, 57(6), 1638-1644.  
Festa, A., D’Agostino, R., Hanley, A. J. G., Karter, A. J., Saad, M. F., & Haffner, S. M. (2004). 
Differences in insulin resistance in nondiabetic subjects with isolated impaired glucose 
tolerance or isolated impaired fasting glucose. Diabetes, 53(6), 1549-1555.  
Ford, E. S., Giles, W. H., & Dietz, W. H. (2002). Prevalence of the metabolic syndrome among 
US adults: Findings from the third national health and nutrition examination survey. The 
Journal of the American Medical Association, 287(3), 356-359.  
Ford, E. S., Williamson, D. F., & Liu, S. (1997). Weight change and diabetes incidence: 
Findings from a national cohort of US adults. American Journal of Epidemiology, 146(3), 
214-222.  
Frayling, T. M., Timpson, N. J., Weedon, M. N., Zeggini, E., Freathy, R. M., Lindgren, C. M., 
Perry, J. R., Elliott, K. S., Lango, H., Rayner, N. W., Shields, B., Harries, L. W., Barrett, J. 
C., Ellard, S., Groves, C. J., Knight, B., Patch, A. M., Ness, A. R., Ebrahim, S., Lawlor, D. 
A., Ring, S. M., Ben-Shlomo, Y., Jarvelin, M. R., Sovio, U., Bennett, A. J., Melzer, D., 
Ferrucci, L., Loos, R. J., Barroso, I., Wareham, N. J., Karpe, F., Owen, K. R., Cardon, L. R., 
Walker, M., Hitman, G. A., Palmer, C. N., Doney, A. S., Morris, A. D., Smith, G. D., 
71 
 
Hattersley,  A.  T.,  &  McCarthy,  M.  I.  (2007).  A  common  variant  in  the  FTO  gene  is  
associated with body mass index and predisposes to childhood and adult obesity. Science 
(New York, N.Y.), 316(5826), 889-894.  
Fridlyand, L. E., & Philipson, L. H. (2006). Reactive species and early manifestation of insulin 
resistance in type 2 diabetes. Diabetes, Obesity & Metabolism, 8(2), 136-145.  
Fritsche, A., Madaus, A., Stefan, N., Tschritter, O., Maerker, E., Teigeler, A., Haring, H., & 
Stumvoll, M. (2002). Relationships among age, proinsulin conversion, and beta-cell 
function in nondiabetic humans. Diabetes, 51 Suppl 1, S234-9.  
Fujimoto, W. Y., Leonetti, D. L., Newell-Morris, L., Shuman, W. P., & Wahl, P. W. (1991). 
Relationship of absence or presence of a family history of diabetes to body weight and 
body fat distribution in type 2 diabetes. International Journal of Obesity, 15(2), 111-120.  
Gao, W. G., Dong, Y. H., Pang, Z. C., Nan, H. R., Wang, S. J., Ren, J., Zhang, L., Tuomilehto, 
J., & Qiao, Q. (2010). A simple Chinese risk score for undiagnosed diabetes. Diabetic 
Medicine, 27(3), 274-281.  
Gao, W. G., Dong, Y. H., Pang, Z. C., Nan, H. R., Zhang, L., Wang, S. J., Ren, J., Ning, F., & 
Qiao, Q. (2009). Increasing trend in the prevalence of type 2 diabetes and pre-diabetes in 
the Chinese rural and urban population in Qingdao, China. Diabetic Medicine, 26(12), 
1220-7.  
Gayoso-Diz, P., Otero-Gonzalez, A., Rodriguez-Alvarez, M. X., Gude, F., Cadarso-Suarez, C., 
Garcia, F., & De Francisco, A. (2011). Insulin resistance index (HOMA-IR) levels in a 
general adult population: Curves percentile by gender and age. The EPIRCE study. 
Diabetes Research and Clinical Practice, 94(1), 146-155.  
Gillies, C. L., Abrams, K. R., Lambert, P. C., Cooper, N. J., Sutton, A. J., Hsu, R. T., & Khunti, 
K. (2007). Pharmacological and lifestyle interventions to prevent or delay type 2 diabetes 
in people with impaired glucose tolerance: Systematic review and meta-analysis. British 
Medical Journal (Clinical Research Ed.), 334(7588), 299.  
Goh, S., & Cooper, M. E. (2008). The role of advanced glycation end products in progression 
and complications of diabetes. Journal of Clinical Endocrinology Metabolism, 93(4), 
1143-1152.  
Goldfine, A. B., Bouche, C., Parker, R. A., Kim, C., Kerivan, A., Soeldner, J. S., Martin, B. C., 
Warram, J. H., & Kahn, C. R. (2003). Insulin resistance is a poor predictor of type 2 
diabetes in individuals with no family history of disease. Proceedings of the National 
Academy of Sciences of the United States of America, 100(5), 2724-2729.  
Griffin, S. J., Little, P. S., Hales, C. N., Kinmonth, A. L., & Wareham, N. J. (2000). Diabetes 
risk score: Towards earlier detection of type 2 diabetes in general practice. 
Diabetes/metabolism Research and Reviews, 16(3), 164-171.  
Grøntved, A., Rimm, E., Willett, W., Andersen, L., & Hu, F. (2012). A prospective study of 
weight training and risk of type 2 diabetes mellitus in men. Archives of Internal Medicine, 
172(17), 1306-1312.  
Groop, L., Forsblom, C., Lehtovirta, M., Tuomi, T., Karanko, S., Nissen, M., Ehrnstrom, B. O., 
Forsen, B., Isomaa, B., Snickars, B., & Taskinen, M. R. (1996). Metabolic consequences of 
a family history of NIDDM (the botnia study): Evidence for sex-specific parental effects. 
Diabetes, 45(11), 1585-1593.  
Gu, D., Reynolds, K., Duan, X., Xin, X., Chen, J., Wu, X., Mo, J., Whelton, P. K., He, J., & 
InterASIA Collaborative Group. (2003). Prevalence of diabetes and impaired fasting 
glucose in the Chinese adult population: International collaborative study of cardiovascular 
disease in Asia (InterASIA). Diabetologia, 46(9), 1190-1198.  
Haffner, S. M., Mykkänen, L., Stern, M. P., Valdez, R. A., Heisserman, J. A., & Bowsher, R. R. 
(1993). Relationship of proinsulin and insulin to cardiovascular risk factors in nondiabetic 
subjects. Diabetes, 42(9), 1297-1302.  
72 
 
Haffner, S. M., Kennedy, E., Gonzalez, C., Stern, M. P., & Miettinen, H. (1996). A prospective 
analysis of the HOMA model. The Mexico City diabetes study. Diabetes Care, 19(10), 
1138-1141.  
Haffner, S. M., Miettinen, H., & Stern, M. P. (1996). Insulin secretion and resistance in 
nondiabetic Mexican Americans and non-hispanic whites with a parental history of 
diabetes. The Journal of Clinical Endocrinology and Metabolism, 81(5), 1846-1851.  
Haffner,  S.  M.,  Miettinen,  H.,  &  Stern,  M.  P.  (1997).  The  homeostasis  model  in  the  San  
Antonio Heart study. Diabetes Care, 20(7), 1087-1092.  
Haheim, L., Holme, I., Hjermann, I., & Leren, P. (1993). Risk factors of stroke incidence and 
mortality. A 12-year follow-up of the Oslo study. Stroke, 24(10), 1484-1489.  
Hanley, A. J. G., McKeown-Eyssen, G., Harris, S. B., Hegele, R. A., Wolever, T. M. S., Kwan, 
J.,  Connelly,  P.  W.,  &  Zinman,  B.  (2001).  Cross-sectional  and  prospective  associations  
between proinsulin and cardiovascular disease risk factors in a population experiencing 
rapid cultural transition. Diabetes Care, 24(7), 1240-1247.  
Harding, A., Wareham, N. J., Bingham, S. A., Khaw, K., Luben, R., Welch, A., & Forouhi, N. 
G. (2008). Plasma vitamin C level, fruit and vegetable consumption, and the risk of 
new-onset type 2 diabetes mellitus: The European prospective investigation of 
cancer-norfolk prospective study. Archives of Internal Medicine, 168(14), 1493-1499.  
Harrison, T. A., Hindorff, L. A., Kim, H., Wines, R. C., Bowen, D. J., McGrath, B. B., & 
Edwards, K. L. (2003). Family history of diabetes as a potential public health tool. 
American Journal of Preventive Medicine, 24(2), 152-159.  
Henriksen, E. J., Diamond-Stanic, M. K., & Marchionne, E. M. (2011). Oxidative stress and the 
etiology of insulin resistance and type 2 diabetes. Free Radical Biology & Medicine, 51(5), 
993-999.  
Hilding, A., Eriksson, A. K., Agardh, E. E., Grill, V., Ahlbom, A., Efendic, S., & Ostenson, C. 
G. (2006). The impact of family history of diabetes and lifestyle factors on abnormal 
glucose regulation in middle-aged Swedish men and women. Diabetologia, 49(11), 
2589-2598.  
Hirsch, F. F., Pareja, J. C., Geloneze, S. R., Chaim, E., Cazzo, E., & Geloneze, B. (2012). 
Comparison of metabolic effects of surgical-induced massive weight loss in patients with 
long-term remission versus non-remission of type 2 diabetes. Obesity Surgery, 22(6), 
910-917.  
Hockaday, D., Sayyad, M., & Yajnik, C. (2007). Counterpoint: Appreciating homeostasis 
model assessment: More useful earlier rather than later. Diabetes Care, 30(9), 2414-2418.  
Hodge, A. M., English, D. R., O'Dea, K., & Giles, G. G. (2006). Alcohol intake, consumption 
pattern and beverage type, and the risk of type 2 diabetes. Diabetic Medicine, 23(6), 
690-697.  
Hollenbeck, C. B., Haskell, W., Rosenthal, M., & Reaven, G. M. (1985). Effect of habitual 
physical activity on regulation of insulin-stimulated glucose disposal in older males.  
Journal of the American Geriatrics Society, 33(4), 273-277.  
Holman, R. R., Paul, S. K., Bethel, M. A., Matthews, D. R., & Neil, H. A. (2008). 10-year 
follow-up of intensive glucose control in type 2 diabetes. New England Journal of 
Medicine, 359(15), 1577-1589.  
Hosmer, D. W., & Lemeshow, S. (1992). Confidence interval estimation of interaction. 
Epidemiology (Cambridge, Mass.), 3(5), 452-456.  
Houstis, N., Rosen, E. D., & Lander, E. S. (2006). Reactive oxygen species have a causal role in 
multiple forms of insulin resistance. Nature, 440(7086), 944-948.  
Howard, B. V., Lee, E. T., Fabsitz, R. R., Robbins, D. C., Yeh, J. L., Cowan, L. D., & Welty, T. 
K. (1996). Diabetes and coronary heart disease in American Indians: The Strong Heart 
Study. Diabetes, 45 Suppl 3, S6-13.  
73 
 
Hu, D., Sun, L., Fu, P., Xie, J., Lu, J., Zhou, J., Yu, D., Whelton, P. K., He, J., & Gu, D. (2009). 
Prevalence and risk factors for type 2 diabetes mellitus in the Chinese adult population: 
The InterASIA study. Diabetes Research and Clinical Practice, 84(3), 288-295.  
Hu, F. B. (2011). Globalization of diabetes: The role of diet, lifestyle, and genes. Diabetes Care, 
34(6), 1249-1257.  
Hu, F. B., Sigal, R. J., Rich-Edwards, J. W., Colditz, G. A., Solomon, C. G., Willett, W. C., 
Speizer, F. E., & Manson, J. E. (1999). Walking compared with vigorous physical activity 
and risk of type 2 diabetes in women: A prospective study. The Journal of the American 
Medical Association, 282(15), 1433-9.  
Hu, F. B., Willett, W. C., Li, T., Stampfer, M. J., Colditz, G. A., & Manson, J. E. (2004). 
Adiposity as compared with physical activity in predicting mortality among women. New 
England Journal of Medicine, 351(26), 2694-2703.  
Huxley, R., Barzi, F., & Woodward, M. (2006). Excess risk of fatal coronary heart disease 
associated with diabetes in men and women: Meta-analysis of 37 prospective cohort studies. 
British Medical Journal, 332(7533), 73-78.  
Hyvarinen, M., Qiao, Q., Tuomilehto, J., Laatikainen, T., Heine, R. J., Stehouwer, C. D., 
Alberti, K. G., Pyorala, K., Zethelius, B., Stegmayr, B., & DECODE Study Group. (2009). 
Hyperglycemia and stroke mortality: Comparison between fasting and 2-h glucose criteria. 
Diabetes Care, 32(2), 348-354.  
Hyvarinen, M., Tuomilehto, J., Mahonen, M., Stehouwer, C. D., Pyorala, K., Zethelius, B., 
Qiao, Q., & DECODE Study Group. (2009). Hyperglycemia and incidence of ischemic and 
hemorrhagic stroke-comparison between fasting and 2-hour glucose criteria. Stroke, 40(5), 
1633-1637.  
International Diabetes Federation. (2009). IDF diabetes atlas (4th ed.) Internet-source, available 
from http://archive.worlddiabetesday.org/en/media/press-materials/diabetes-data 
International Diabetes Federation. (2012). The fifth edition of the IDF diabetes atlas. 
Internet-source, available from http://www.idf.org/diabetesatlas/5e/Update2012  
Iozzo, P., Beck-Nielsen, H., Laakso, M., Smith, U., Yki-Jarvinen, H., & Ferrannini, E. (1999). 
Independent influence of age on basal insulin secretion in nondiabetic humans. European 
group for the study of insulin resistance. The Journal of Clinical Endocrinology and 
Metabolism, 84(3), 863-868.  
Isomaa, B., Forsen, B., Lahti, K., Holmstrom, N., Waden, J., Matintupa, O., Almgren, P., 
Eriksson, J. G., Lyssenko, V., Taskinen, M. R., Tuomi, T., & Groop, L. C. (2010). A 
family history of diabetes is associated with reduced physical fitness in the prevalence, 
prediction and prevention of diabetes (PPP)-botnia study. Diabetologia, 53(8), 1709-1713.  
Item, F., & Konrad, D. (2012). Visceral fat and metabolic inflammation: The portal theory 
revisited. Obesity Reviews, 13 Suppl 2, 30-39.  
Jakicic, J. M., Marcus, B. H., Gallagher, K. I., Napolitano, M., & Lang, W. (2003). Effect of 
exercise duration and intensity on weight loss in overweight, sedentary women: A 
randomized trial. The Journal of the American Medical Association, 290(10), 1323-1330.  
Jakicic,  J.  M.,  Wing,  R.  R.,  &  Winters-Hart,  C.  (2002).  Relationship  of  physical  activity  to  
eating behaviors and weight loss in women. Medicine and Science in Sports and Exercise, 
34(10), 1653-1659.  
Jarrett, R. J., McCartney, P., & Keen, H. (1982). The Bedford survey: Ten year mortality rates 
in newly diagnosed diabetics, borderline diabetics and normoglycaemic controls and risk 
indices for coronary heart disease in borderline diabetics. Diabetologia, 22(2), 79-84.  
Jeon, C. Y., Lokken, R. P., Hu, F. B., & van Dam, R. M. (2007). Physical activity of moderate 
intensity and risk of type 2 diabetes: A systematic review. Diabetes Care, 30(3), 744-752.  
Jing,  C.,  Xueyao,  H.,  &  Linong,  J.  (2012).  Meta-analysis  of  association  studies  between  five  
candidate genes and type 2 diabetes in Chinese Han population. Endocrine, 42(2), 307-320.  
74 
 
Kahn, S. E., Hull, R. L., & Utzschneider, K. M. (2006). Mechanisms linking obesity to insulin 
resistance and type 2 diabetes. Nature, 444(7121), 840-846.  
Kahn, S. E. (2001). The importance of {beta}-cell failure in the development and progression of 
type 2 diabetes. Journal of Clinical Endocrinology Metabolism, 86(9), 4047-4058.  
Karakelides, H., Irving, B. A., Short, K. R., O'Brien, P., & Nair, K. S. (2010). Age, obesity, and 
sex effects on insulin sensitivity and skeletal muscle mitochondrial function. Diabetes, 
59(1), 89-97.  
Karasawa, S., Daimon, M., Sasaki, S., Toriyama, S., Oizumi, T., Susa, S., Kameda, W., Wada, 
K., Muramatsu, M., Fukao, A., Kubota, I., Kawata, S., Kayama, T., & Kato, T. (2010). 
Association of the common fat mass and obesity associated (FTO) gene polymorphism 
with obesity in a Japanese population. Endocrine Journal, 57(4), 293-301.  
Katz, A., Nambi, S. S., Mather, K., Baron, A. D., Follmann, D. A., Sullivan, G., & Quon, M. J. 
(2000). Quantitative insulin sensitivity check index: A simple, accurate method for 
assessing insulin sensitivity in humans. Journal of Clinical Endocrinology Metabolism, 
85(7), 2402-2410.  
Kenneth J. Rothman. (1986). Modern epidemiology. Boston: Little, Brown. PP. 311-326. 
Kinra, S., Bowen, L. J., Lyngdoh, T., Prabhakaran, D., Reddy, K. S., Ramakrishnan, L., Gupta, 
R., Bharathi, A. V., Vaz, M., Kurpad, A. V., Smith, G. D., Ben-Shlomo, Y., & Ebrahim, S. 
(2010).Sociodemographic patterning of non-communicable disease risk factors in rural 
India: A cross sectional study. British Medical Journal(Clinical Research Ed.), 341, c4974.  
Klein, R. (1995). Hyperglycemia and microvascular and macrovascular disease in diabetes. 
Diabetes Care, 18(2), 258-268.  
Klem, M. L., Wing, R. R., McGuire, M. T., Seagle, H. M., & Hill, J. O. (1997). A descriptive 
study of individuals successful at long-term maintenance of substantial weight loss. The 
American Journal of Clinical Nutrition, 66(2), 239-246.  
Knowler, W. C., Barrett-Connor, E., Fowler, S. E., Hamman, R. F., Lachin, J. M., Walker, E. A., 
& Nathan, D. M. (2002). Reduction in the incidence of type 2 diabetes with lifestyle 
intervention or metformin. New England Journal of Medicine, 346(6), 393-403.  
Knowler, W. C., Pettitt, D. J., Savage, P. J., & Bennett, P. H. (1981). Diabetes incidence in 
Pima Indians: Contributions of obesity and parental diabetes. American Journal of 
Epidemiology, 113(2), 144-56.  
Koppes, L. L., Dekker, J. M., Hendriks, H. F., Bouter, L. M., & Heine, R. J. (2005). Moderate 
alcohol consumption lowers the risk of type 2 diabetes: A meta-analysis of prospective 
observational studies. Diabetes Care, 28(3), 719-725.  
Kosaka, K., Noda, M., & Kuzuya, T. (2005). Prevention of type 2 diabetes by lifestyle 
intervention: A Japanese trial in IGT males. Diabetes Research and Clinical Practice, 
67(2), 152-162.  
Kosti, R. I., Panagiotakos, D. B., Tountas, Y., Mihas, C. C., Alevizos, A., Mariolis, T., 
Papathanassiou, M., Zampelas, A., & Mariolis, A. (2008). Parental body mass index in 
association with the prevalence of overweight/obesity among adolescents in Greece; 
dietary and lifestyle habits in the context of the family environment: The vyronas study. 
Appetite, 51(1), 218-222.  
Krieger, N., Williams, D. R., & Moss, N. E. (1997). Measuring social class in US public health 
research: Concepts, methodologies, and guidelines. Annual Review of Public Health, 18, 
341-378.  
Krishnan, S., Cozier, Y. C., Rosenberg, L., & Palmer, J. R. (2010). Socioeconomic status and 
incidence of type 2 diabetes: Results from the black women's health study. American 
Journal of Epidemiology, 171(5), 564-570.  
Laakso, M. (1993). How good a marker is insulin level for insulin resistance? American Journal 
of Epidemiology, 137(9), 959-965.  
75 
 
Laakso, M., Zilinskaite, J., Hansen, T., Boesgaard, T. W., Vanttinen, M., Stancakova, A., 
Jansson, P. A., Pellme, F., Holst, J. J., Kuulasmaa, T., Hribal, M. L., Sesti, G., Stefan, N., 
Fritsche, A., Haring, H., Pedersen, O., Smith, U., & EUGENE2 Consortium. (2008). 
Insulin sensitivity, insulin release and glucagon-like peptide-1 levels in persons with 
impaired fasting glucose and/or impaired glucose tolerance in the EUGENE2 study. 
Diabetologia, 51(3), 502-511.  
Lanza, I. R., & Nair, K. S. (2009). Muscle mitochondrial changes with aging and exercise. The 
American Journal of Clinical Nutrition, 89(1), 467S-71S.  
Larsen, R. J., & Marx, M. L. (2000). An introduction to mathematical statistics and its 
applications. (Third Edition ed., pp. 282) Prentice Hall. 
Lawlor, D. A., Fraser, A., Ebrahim, S., & Smith, G. D. (2007). Independent associations of 
fasting insulin, glucose, and glycated haemoglobin with stroke and coronary heart disease 
in older women. PLoS Medicine, 4(8), e263.  
Lear, S. A., Humphries, K. H., Kohli, S., Chockalingam, A., Frohlich, J. J., & Birmingham, C. 
L. (2007). Visceral adipose tissue accumulation differs according to ethnic background: 
Results of the multicultural community health assessment trial (M-CHAT). American 
Journal of Clinical Nutrition, 86(2), 353-359.  
Lee, M., Saver, J. L., Hong, K. S., Song, S., Chang, K. H., & Ovbiagele, B. (2012). Effect of 
pre-diabetes on future risk of stroke: Meta-analysis. British Medical Journal (Clinical 
Research Ed.), 344, e3564.  
Lee, W. J., Ser, K. H., Chong, K., Lee, Y. C., Chen, S. C., Tsou, J. J., Chen, J. C., & Chen, C. 
M. (2010). Laparoscopic sleeve gastrectomy for diabetes treatment in nonmorbidly obese 
patients: Efficacy and change of insulin secretion. Surgery, 147(5), 664-669.  
Levitan, E. B., Song, Y., Ford, E. S., & Liu, S. (2004). Is nondiabetic hyperglycemia a risk 
factor for cardiovascular disease?: A meta-analysis of prospective studies. Archives of 
Internal Medicine, 164(19), 2147-2155.  
Levitzky, Y. S., Pencina, M. J., D'Agostino, R. B., Meigs, J. B., Murabito, J. M., Vasan, R. S., 
& Fox, C. S. (2008). Impact of impaired fasting glucose on cardiovascular disease: The 
Framingham Heart Study. Journal of the American College of Cardiology, 51(3), 264-270.  
Li, H., Isomaa, B., Taskinen, M. R., Groop, L., & Tuomi, T. (2000). Consequences of a family 
history of type 1 and type 2 diabetes on the phenotype of patients with type 2 diabetes. 
Diabetes Care, 23(5), 589-594.  
Li, H., Kilpelainen, T. O., Liu, C., Zhu, J., Liu, Y., Hu, C., Yang, Z., Zhang, W., Bao, W., Cha, 
S., Wu, Y., Yang, T., Sekine, A., Choi, B. Y., Yajnik, C. S., Zhou, D., Takeuchi, F., 
Yamamoto, K., Chan, J. C., Mani, K. R., Been, L. F., Imamura, M., Nakashima, E., Lee, N., 
Fujisawa, T., Karasawa, S., Wen, W., Joglekar, C. V., Lu, W., Chang, Y., Xiang, Y., Gao, 
Y., Liu, S., Song, Y., Kwak, S. H., Shin, H. D., Park, K. S., Fall, C. H., Kim, J. Y., Sham, P. 
C., Lam, K. S., Zheng, W., Shu, X., Deng, H., Ikegami, H., Krishnaveni, G. V., Sanghera, 
D. K., Chuang, L., Liu, L., Hu, R., Kim, Y., Daimon, M., Hotta, K., Jia, W., Kooner, J. S., 
Chambers, J. C., Chandak, G. R., Ma, R. C., Maeda, S., Dorajoo, R., Yokota, M., 
Takayanagi, R., Kato, N., Lin, X., & Loos, R. J. (2012). Association of genetic variation in 
FTO with risk of obesity and type 2 diabetes with data from 96,551 east and south Asians. 
Diabetologia, 55(4), 981-995.  
Li, H., Wu, Y., Loos, R. J., Hu, F. B., Liu, Y., Wang, J., Yu, Z., & Lin, X. (2008). Variants in 
the fat mass- and obesity-associated (FTO) gene are not associated with obesity in a 
Chinese Han population. Diabetes, 57(1), 264-268.  
Lim, E. L., Hollingsworth, K. G., Aribisala, B. S., Chen, M. J., Mathers, J. C., & Taylor, R. 
(2011). Reversal of type 2 diabetes: Normalisation of beta cell function in association with 
decreased pancreas and liver triacylglycerol. Diabetologia, 54(10), 2506-2514.  
Lindstrom, J., Peltonen, M., Eriksson, J. G., Ilanne-Parikka, P., Aunola, S., 
76 
 
Keinanen-Kiukaanniemi, S., Uusitupa, M., Tuomilehto, J., & Finnish Diabetes Prevention 
Study (DPS). (2013). Improved lifestyle and decreased diabetes risk over 13 years: 
Long-term follow-up of the randomised finnish diabetes prevention study (DPS). 
Diabetologia, 56(2), 284-293.  
Lindstrom, J., & Tuomilehto, J. (2003). The diabetes risk score: A practical tool to predict type 
2 diabetes risk. Diabetes Care, 26(3), 725-31.  
Lopez, X., Bouche, C., Tatro, E., & Goldfine, A. B. (2009). Family history of diabetes impacts 
on interactions between minimal model estimates of insulin sensitivity and glucose 
effectiveness. Diabetes, Obesity & Metabolism, 11(2), 123-130.  
Luo, Y., Wang, H., Han, X., Ren, Q., Wang, F., Zhang, X., Sun, X., Zhou, X., & Ji, L. (2009). 
Meta-analysis of the association between SNPs in TCF7L2 and type 2 diabetes in East 
Asian population. Diabetes Research and Clinical Practice, 85(2), 139-146.  
Maedler, K., Schumann, D. M., Schulthess, F., Oberholzer, J., Bosco, D., Berney, T., & Donath, 
M. Y. (2006). Aging correlates with decreased beta-cell proliferative capacity and 
enhanced sensitivity to apoptosis: A potential role for fas and pancreatic duodenal 
homeobox-1. Diabetes, 55(9), 2455-2462.  
Magliano, D. J., Soderberg, S., Zimmet, P. Z., Cartensen, B., Balkau, B., Pauvaday, V., 
Kowlessur, S., Tuomilehto, J., Alberti, K. G., & Shaw, J. E. (2010). Mortality, all-cause 
and cardiovascular disease, over 15 years in multiethnic Mauritius: Impact of diabetes and 
intermediate forms of glucose tolerance. Diabetes Care, 33(9), 1983-1989.  
Mahonen, M., Salomaa, V., Keskimaki, I., Moltchanov, V., Torppa, J., Molarius, A., 
Tuomilehto, J., Sarti, C., & FINMONICA Stroke Register Study group. (2000). The 
feasibility of combining data from routine hospital discharge and causes-of-death registers 
for epidemiological studies on stroke. European Journal of Epidemiology, 16(9), 815-817.  
Marshall, J. A., Bessesen, D. H., & Hamman, R. F. (1997). High saturated fat and low starch 
and fibre are associated with hyperinsulinaemia in a non-diabetic population: The San Luis 
Valley diabetes study. Diabetologia, 40(4), 430-438.  
Martin, B. C., Warram, J. H., Krolewski, A. S., Bergman, R. N., Soeldner, J. S., & Kahn, C. R. 
(1992). Role of glucose and insulin resistance in development of type 2 diabetes mellitus: 
Results of a 25-year follow-up study. Lancet, 340(8825), 925-929.  
Matsuda, M., & DeFronzo, R. A. (1999). Insulin sensitivity indices obtained from oral glucose 
tolerance testing: Comparison with the euglycemic insulin clamp. Diabetes Care, 22(9), 
1462-1470.  
Matthews, D. R., Hosker, J. P., Rudenski, A. S., Naylor, B. A., Treacher, D. F., & Turner, R. C. 
(1985). Homeostasis model assessment: Insulin resistance and beta-cell function from 
fasting plasma glucose and insulin concentrations in man. Diabetologia, 28(7), 412-419.  
McAuley, K. A., Mann, J. I., Chase, J. G., Lotz, T. F., & Shaw, G. M. (2007). Point: 
HOMA--satisfactory for the time being: HOMA: The best bet for the simple determination 
of insulin sensitivity, until something better comes along. Diabetes Care, 30(9), 
2411-2413.  
Meigs, J. B., Cupples, L. A., & Wilson, P. W. (2000). Parental transmission of type 2 diabetes: 
The Framingham offspring study. Diabetes, 49(12), 2201-2207.  
Meyer, C., Pimenta, W., Woerle, H. J., Van Haeften, T., Szoke, E., Mitrakou, A., & Gerich, J. 
(2006). Different mechanisms for impaired fasting glucose and impaired postprandial 
glucose tolerance in humans. Diabetes Care, 29(8), 1909-1914.  
Meyer, K. A., Kushi, L. H., Jacobs, D. R.,Jr, Slavin, J., Sellers, T. A., & Folsom, A. R. (2000). 
Carbohydrates, dietary fiber, and incident type 2 diabetes in older women. The American 
Journal of Clinical Nutrition, 71(4), 921-930.  
Micha, R., Wallace, S. K., & Mozaffarian, D. (2010). Red and processed meat consumption and 
risk of incident coronary heart disease, stroke, and diabetes mellitus. Circulation, 121(21), 
77 
 
2271-2283.  
Misra, A., Alappan, N. K., Vikram, N. K., Goel, K., Gupta, N., Mittal, K., Bhatt, S., & Luthra, 
K. (2008). Effect of supervised progressive resistance-exercise training protocol on insulin 
sensitivity, glycemia, lipids, and body composition in Asian Indians with type 2 diabetes. 
Diabetes Care, 31(7), 1282-1287.  
Mohan, V., Deepa, M., Anjana, R. M., Lanthorn, H., & Deepa, R. (2008). Incidence of diabetes 
and pre-diabetes in a selected urban south Indian population (CUPS-19). The Journal of the 
Assocation of Physicians of India, 56, 152-7.  
Mohan, V., Mathur, P., Deepa, R., Deepa, M., Shukla, D. K., Menon, G. R., Anand, K., Desai, 
N.  G.,  Joshi,  P.  P.,  Mahanta,  J.,  Thankappan,  K.  R.,  &  Shah,  B.  (2008).  Urban  rural  
differences in prevalence of self-reported diabetes in India--the WHO-ICMR Indian NCD 
risk factor surveillance. Diabetes Research and Clinical Practice, 80(1), 159-168.  
Morris, R. D., Rimm, D. L., Hartz, A. J., Kalkhoff, R. K., & Rimm, A. A. (1989). Obesity and 
heredity in the etiology of non-insulin-dependent diabetes mellitus in 32,662 adult white 
women. American Journal of Epidemiology, 130(1), 112-121.  
Mostafa, S. A., Davies, M. J., Webb, D. R., Srinivasan, B. T., Gray, L. J., & Khunti, K. (2012). 
Independent effect of ethnicity on glycemia in south Asians and white Europeans. Diabetes 
Care, 35(8), 1746-1748.  
Muniyappa, R., Lee, S., Chen, H., & Quon, M. J. (2008). Current approaches for assessing 
insulin sensitivity and resistance in vivo: Advantages, limitations, and appropriate usage. 
American Journal of Physiology.Endocrinology and Metabolism, 294(1), E15-26.  
Muntner, P., Gu, D., Wildman, R. P., Chen, J., Qan, W., Whelton, P. K., & He, J. (2005). 
Prevalence of physical activity among Chinese adults: Results from the international 
collaborative study of cardiovascular disease in Asia. American Journal of Public Health, 
95(9), 1631-1636.  
Mykkänen, L., Laakso, M., Uusitupa, M., & Pyörälä, K. (1990). Prevalence of diabetes and 
impaired glucose tolerance in elderly subjects and their association with obesity and family 
history of diabetes. Diabetes Care, 13(11), 1099-1105.  
Nakagami,  T.,  &  DECODA  Study  Group.  (2004).  Hyperglycaemia  and  mortality  from  all  
causes and from cardiovascular disease in five populations of Asian origin. Diabetologia, 
47(3), 385-394.  
Nakanishi, S., Yamane, K., Kamei, N., Okubo, M., & Kohno, N. (2003). Relationship between 
development of diabetes and family history by gender in Japanese-Americans. Diabetes 
Research and Clinical Practice, 61(2), 109-115.  
Nathan, D. M., Turgeon, H., & Regan, S. (2007a). Relationship between glycated haemoglobin 
levels and mean glucose levels over time. Diabetologia, 50(11), 2239-2244.  
Nathan, D. M., Davidson, M. B., DeFronzo, R. A., Heine, R. J., Henry, R. R., Pratley, R., & 
Zinman, B. (2007b). Impaired fasting glucose and impaired glucose tolerance. Diabetes 
Care, 30(3), 753-759.  
National Diabetes Co-operative Study Group. (1981). A mass survey of diabetes mellitus in a 
population of 300,000 in 14 provinces and municipalities in China (author's transl). 
Zhonghua Nei Ke Za Zhi [Chinese Journal of Internal Medicine], 20(11), 678-683.  
National Diabetes Data Group. (1979). Classification and diagnosis of diabetes mellitus and 
other categories of glucose intolerance. National Diabetes Data Group. Diabetes, 28(12), 
1039-1057.  
National Heart, Lung, and Blood Institute. (1998). Clinical guidelines on the identification, 
evaluation, and treatment of overweight and obesity in adults--the evidence report. National 
Institutes of Health. Obesity Research, 6 Suppl 2, 51S-209S.  
Nettleton, J. A., Steffen, L. M., Ni, H., Liu, K., & Jacobs, D. R.,Jr. (2008). Dietary patterns and 
risk of incident type 2 diabetes in the multi-ethnic study of atherosclerosis (MESA). 
78 
 
Diabetes Care, 31(9), 1777-1782.  
Ng, S. W., Norton, E. C., & Popkin, B. M. (2009). Why have physical activity levels declined 
among chinese adults? Findings from the 1991-2006 china health and nutrition surveys. 
Social Science & Medicine (1982), 68(7), 1305-1314.  
Nielson, C., & Fleming, R. M. (2007). Blood glucose and cerebrovascular disease in 
nondiabetic patients. Angiology, 58(5), 625-629.  
Ning, F., Pang, Z. C., Dong, Y. H., Gao, W. G., Nan, H. R., Wang, S. J., Zhang, L., Ren, J., 
Tuomilehto, J., Hammar, N., Malmberg, K., Andersson, S. W., Qiao, Q., & Qingdao 
Diabetes Survey Group. (2009). Risk factors associated with the dramatic increase in the 
prevalence of diabetes in the adult Chinese population in Qingdao, China. Diabetic 
Medicine, 26(9), 855-863.  
Nyamdorj, R., Pitkaniemi, J., Tuomilehto, J., Hammar, N., Stehouwer, C. D., Lam, T. H., 
Ramachandran, A., Janus, E. D., Mohan, V., Soderberg, S., Laatikainen, T., Gabriel, R., 
Qiao, Q., & DECODA and DECODE Study Groups. (2010). Ethnic comparison of the 
association of undiagnosed diabetes with obesity. International Journal of Obesity (2005), 
34(2), 332-339.  
Nyamdorj, R., Qiao, Q., Lam, T. H., Tuomilehto, J., Ho, S. Y., Pitkaniemi, J., Nakagami, T., 
Mohan, V., Janus, E. D., & Ferreira, S. R. (2008). BMI compared with central obesity 
indicators in relation to diabetes and hypertension in Asians. Obesity (Silver Spring), 16(7), 
1622-35.  
Ohlson, L. O., Larsson, B., Bjorntorp, P., Eriksson, H., Svardsudd, K., Welin, L., Tibblin, G., & 
Wilhelmsen, L. (1988). Risk factors for type 2 (non-insulin-dependent) diabetes mellitus. 
Thirteen and one-half years of follow-up of the participants in a study of Swedish men born 
in 1913. Diabetologia, 31(11), 798-805.  
O'Leary, V. B., Marchetti, C. M., Krishnan, R. K., Stetzer, B. P., Gonzalez, F., & Kirwan, J. P. 
(2006). Exercise-induced reversal of insulin resistance in obese elderly is associated with 
reduced visceral fat. Journal of Applied Physiology (Bethesda, Md.: 1985), 100(5), 
1584-1589.  
O'Malley, G., Santoro, N., Northrup, V., D'Adamo, E., Shaw, M., Eldrich, S., & Caprio, S. 
(2010). High normal fasting glucose level in obese youth: A marker for insulin resistance 
and beta cell dysregulation. Diabetologia, 53(6), 1199-1209.  
Onat, A., Ozhan, H., Esen, A. M., Albayrak, S., Karabulut, A., Can, G., & Hergenc, G. (2007). 
Prospective epidemiologic evidence of a "protective" effect of smoking on metabolic 
syndrome and diabetes among Turkish women--without associated overall health benefit. 
Atherosclerosis, 193(2), 380-388.  
ORIGIN Trial Investigators, Gerstein, H. C., Bosch, J., Dagenais, G. R., Diaz, R., Jung, H., 
Maggioni, A. P., Pogue, J., Probstfield, J., Ramachandran, A., Riddle, M. C., Ryden, L. E., 
& Yusuf, S. (2012). Basal insulin and cardiovascular and other outcomes in dysglycemia. 
New England Journal of Medicine, 367(4), 319-328.  
Pacini, G., Valerio, A., Beccaro, F., Nosadini, R., Cobelli, C., & Crepaldi, G. (1988). Insulin 
sensitivity and beta-cell responsivity are not decreased in elderly subjects with normal 
OGTT. Journal of the American Geriatrics Society, 36(4), 317-323.  
Pan, X. R., Li, G. W., Hu, Y. H., Wang, J. X., Yang, W. Y., An, Z. X., Hu, Z. X., Lin, J., Xiao, 
J. Z., Cao, H. B., Liu, P. A., Jiang, X. G., Jiang, Y. Y., Wang, J. P., Zheng, H., Zhang, H., 
Bennett, P. H., & Howard, B. V. (1997a). Effects of diet and exercise in preventing 
NIDDM in people with impaired glucose tolerance. The Da Qing IGT and diabetes study. 
Diabetes Care, 20(4), 537-544.  
Pan, X. R., Yang, W. Y., Li, G. W., & Liu, J. (1997b). Prevalence of diabetes and its risk factors 
in China, 1994. National diabetes prevention and control cooperative group. Diabetes Care, 
20(11), 1664-1669.  
79 
 
Park, Y. W., Chang, Y., Sung, K. C., Ryu, S., Sung, E., & Kim, W. S. (2006). The sequential 
changes in the fasting plasma glucose levels within normoglycemic range predict type 2 
diabetes in healthy, young men. Diabetes Research and Clinical Practice, 73(3), 329-335.  
Pavkov, M. E., Hanson, R. L., Knowler, W. C., Bennett, P. H., Krakoff, J., & Nelson, R. G. 
(2007). Changing patterns of type 2 diabetes incidence among Pima Indians. Diabetes Care, 
30(7), 1758-1763.  
Perugini, R. A., & Malkani, S. (2011). Remission of type 2 diabetes mellitus following bariatric 
surgery: Review of mechanisms and presentation of the concept of 'reversibility'. Current 
Opinion in Endocrinology, Diabetes, and Obesity, 18(2), 119-128.  
Piche, M. E., Lemieux, S., Perusse, L., & Weisnagel, S. J. (2005). High normal 2-hour plasma 
glucose is associated with insulin sensitivity and secretion that may predispose to type 2 
diabetes. Diabetologia, 48(4), 732-740.  
Qatanani, M., & Lazar, M. A. (2007). Mechanisms of obesity-associated insulin resistance: 
Many choices on the menu. Genes & Development, 21(12), 1443-1455.  
Qiao, Q., Hu, G., Tuomilehto, J., Nakagami, T., Balkau, B., Borch-Johnsen, K., Ramachandran, 
A., Mohan, V., Iyer, S. R., Tominaga, M., Kiyohara, Y., Kato, I., Okubo, K., Nagai, M., 
Shibazaki, S., Yang, Z., Tong, Z., Fan, Q., Wang, B., Chew, S. K., Tan, B. Y., Heng, D., 
Emmanuel, S., Tajima, N., Iwamoto, Y., Snehalatha, C., Vijay, V., Kapur, A., Dong, Y., 
Nan, H., Gao, W., Shi, H., Fu, F., & DECODA Study Group. (2003). Age- and sex-specific 
prevalence of diabetes and impaired glucose regulation in 11 Asian cohorts. Diabetes Care, 
26(6), 1770-1780.  
Qiao, Q., Jousilahti, P., Eriksson, J., & Tuomilehto, J. (2003). Predictive properties of impaired 
glucose tolerance for cardiovascular risk are not explained by the development of overt 
diabetes during follow-up. Diabetes Care, 26(10), 2910-2914.  
Qiao, Q., Nakagami, T., Tuomilehto, J., Borch-Johnsen, K., Balkau, B., Iwamoto, Y., & Tajima, 
N. (2000). Comparison of the fasting and the 2-h glucose criteria for diabetes in different 
Asian cohorts. Diabetologia, 43(12), 1470-5.  
Qiao, Q., Pyorala, K., Pyorala, M., Nissinen, A., Lindstrom, J., Tilvis, R., & Tuomilehto, J. 
(2002). Two-hour glucose is a better risk predictor for incident coronary heart disease and 
cardiovascular mortality than fasting glucose. European Heart Journal, 23(16), 1267-1275.  
Qiao, Q., Tuomilehto, J., Balkau, B., Borch-Johnsen, K., Heine, R., Wareham, N. J., & 
DECODE Study Group. (2005). Are insulin resistance, impaired fasting glucose and 
impaired glucose tolerance all equally strongly related to age? Diabetic Medicine, 22(11), 
1476-1481.  
Ramachandran, A., Chamukuttan, S., Shetty, S. A., Arun, N., & Susairaj, P. (2012). Obesity in 
Asia--is it different from rest of the world. Diabetes/metabolism Research and Reviews, 28 
Suppl 2, 47-51.  
Ramachandran, A., Snehalatha, C., Latha, E., Manoharan, M., & Vijay, V. (1999). Impacts of 
urbanisation on the lifestyle and on the prevalence of diabetes in native Asian Indian 
population. Diabetes Research and Clinical Practice, 44(3), 207-213.  
Ramachandran, A., Snehalatha, C., Mary, S., Mukesh, B., Bhaskar, A. D., & Vijay, V. (2006). 
The Indian diabetes prevention programme shows that lifestyle modification and 
metformin prevent type 2 diabetes in Asian Indian subjects with impaired glucose tolerance 
(IDPP-1). Diabetologia, 49(2), 289-97.  
Ramachandran, A., Snehalatha, C., Vijay, V., & King, H. (2002). Impact of poverty on the 
prevalence of diabetes and its complications in urban southern India. Diabetic Medicine, 
19(2), 130-135.  
Ray, K. K., Seshasai, S. R., Wijesuriya, S., Sivakumaran, R., Nethercott, S., Preiss, D., Erqou, 
S., & Sattar, N. (2009). Effect of intensive control of glucose on cardiovascular outcomes 
and death in patients with diabetes mellitus: A meta-analysis of randomised controlled 
80 
 
trials. Lancet, 373(9677), 1765-1772.  
Reaven, G. M. (1988). Banting lecture 1988. Role of insulin resistance in human disease. 
Diabetes, 37(12), 1595-1607.  
Resnick, H. E., Valsania, P., Halter, J. B., & Lin, X. (2000). Relation of weight gain and weight 
loss on subsequent diabetes risk in overweight adults. Journal of Epidemiology and 
Community Health, 54(8), 596-602.  
Reynolds, K., Gu, D., Whelton, P. K., Wu, X., Duan, X., Mo, J., He, J., & InterASIA 
Collaborative Group. (2007). Prevalence and risk factors of overweight and obesity in 
China. Obesity (Silver Spring, Md.), 15(1), 10-18.  
Reynolds, S. S., Yanek, L. R., Vaidya, D., Mora, S., Moy, T. F., Saudek, C. D., Becker, L. C., 
& Becker, D. M. (2006). Glucose levels in the normal range predict incident diabetes in 
families with premature coronary heart disease. Diabetes Research and Clinical Practice, 
74(3), 267-273.  
Ribel-Madsen, R., Fraga, M. F., Jacobsen, S., Bork-Jensen, J., Lara, E., Calvanese, V., 
Fernandez, A. F., Friedrichsen, M., Vind, B. F., Hojlund, K., Beck-Nielsen, H., Esteller, M., 
Vaag, A., & Poulsen, P. (2012). Genome-wide analysis of DNA methylation differences in 
muscle and fat from monozygotic twins discordant for type 2 diabetes. PloS One, 7(12), 
e51302.  
Robbins, J. M., Vaccarino, V., Zhang, H., & Kasl, S. V. (2000). Excess type 2 diabetes in 
african-american women and men aged 40-74 and socioeconomic status: Evidence from 
the third national health and nutrition examination survey. Journal of Epidemiology and 
Community Health, 54(11), 839-845.  
Robbins, J. M., Vaccarino, V., Zhang, H., & Kasl, S. V. (2001). Socioeconomic status and type 
2 diabetes in African American and non-hispanic white women and men: Evidence from 
the third national health and nutrition examination survey. American Journal of Public 
Health, 91(1), 76-83.  
Roder, M. E., Schwartz, R. S., Prigeon, R. L., & Kahn, S. E. (2000). Reduced pancreatic B cell 
compensation to the insulin resistance of aging: Impact on proinsulin and insulin levels.  
The Journal of Clinical Endocrinology and Metabolism, 85(6), 2275-2280.  
Roos, E., Lahelma, E., Virtanen, M., Prattala, R., & Pietinen, P. (1998). Gender, socioeconomic 
status and family status as determinants of food behaviour. Social Science & Medicine 
(1982), 46(12), 1519-1529.  
Rosenthal, M., Haskell, W. L., Solomon, R., Widstrom, A., & Reaven, G. M. (1983). 
Demonstration of a relationship between level of physical training and insulin-stimulated 
glucose utilization in normal humans. Diabetes, 32(5), 408-411.  
Ross, R., Dagnone, D., Jones, P. J., Smith, H., Paddags, A., Hudson, R., & Janssen, I. (2000). 
Reduction in obesity and related comorbid conditions after diet-induced weight loss or 
exercise-induced weight loss in men. A randomized, controlled trial. Annals of Internal 
Medicine, 133(2), 92-103.  
Ross, R., Janssen, I., Dawson, J., Kungl, A. M., Kuk, J. L., Wong, S. L., Nguyen-Duy, T. B., 
Lee, S., Kilpatrick, K., & Hudson, R. (2004). Exercise-induced reduction in obesity and 
insulin resistance in women: A randomized controlled trial. Obesity Research, 12(5), 
789-798.  
Rowe, J. W., Minaker, K. L., Pallotta, J. A., & Flier, J. S. (1983). Characterization of the insulin 
resistance of aging. The Journal of Clinical Investigation, 71(6), 1581-1587.  
Saito, T., Watanabe, M., Nishida, J., Izumi, T., Omura, M., Takagi, T., Fukunaga, R., Bandai, 
Y., Tajima, N., Nakamura, Y., Ito, M., & Zensharen Study for Prevention of Lifestyle 
Diseases Group. (2011). Lifestyle modification and prevention of type 2 diabetes in 
overweight Japanese with impaired fasting glucose levels: A randomized controlled trial. 
Archives of Internal Medicine, 171(15), 1352-1360.  
81 
 
Salmeron, J., Ascherio, A., Rimm, E. B., Colditz, G. A., Spiegelman, D., Jenkins, D. J., 
Stampfer,  M.  J.,  Wing,  A.  L.,  & Willett,  W.  C.  (1997).  Dietary  fiber,  glycemic  load,  and  
risk of NIDDM in men. Diabetes Care, 20(4), 545-550.  
Salmeron, J., Manson, J. E., Stampfer, M. J., Colditz, G. A., Wing, A. L., & Willett, W. C. 
(1997). Dietary fiber, glycemic load, and risk of non-insulin-dependent diabetes mellitus in 
women. The Journal of the American Medical Association, 277(6), 472-477.  
Sargeant, L. A., Wareham, N. J., & Khaw, K. T. (2000). Family history of diabetes identifies a 
group at increased risk for the metabolic consequences of obesity and physical inactivity in 
EPIC-norfolk: A population-based study. The European prospective investigation into 
cancer. International Journal of Obessity and Related Metabolic Disorders, 24(10), 
1333-9.  
Saxena, R., Elbers, C. C., Guo, Y., Peter, I., Gaunt, T. R., Mega, J. L., Lanktree, M. B., Tare, A., 
Castillo, B. A., Li, Y. R., Johnson, T., Bruinenberg, M., Gilbert-Diamond, D., Rajagopalan, 
R., Voight, B. F., Balasubramanyam, A., Barnard, J., Bauer, F., Baumert, J., Bhangale, T., 
Bohm, B. O., Braund, P. S., Burton, P. R., Chandrupatla, H. R., Clarke, R., Cooper-DeHoff, 
R. M., Crook, E. D., Davey-Smith, G., Day, I. N., de Boer, A., de Groot, M. C., Drenos, F., 
Ferguson, J., Fox, C. S., Furlong, C. E., Gibson, Q., Gieger, C., Gilhuijs-Pederson, L. A., 
Glessner, J. T., Goel, A., Gong, Y., Grant, S. F., Grobbee, D. E., Hastie, C., Humphries, S. 
E., Kim, C. E., Kivimaki, M., Kleber, M., Meisinger, C., Kumari, M., Langaee, T. Y., 
Lawlor, D. A., Li, M., Lobmeyer, M. T., Maitland-van der Zee, A. H., Meijs, M. F., 
Molony, C. M., Morrow, D. A., Murugesan, G., Musani, S. K., Nelson, C. P., Newhouse, S. 
J., O'Connell, J. R., Padmanabhan, S., Palmen, J., Patel, S. R., Pepine, C. J., Pettinger, M., 
Price, T. S., Rafelt, S., Ranchalis, J., Rasheed, A., Rosenthal, E., Ruczinski, I., Shah, S., 
Shen, H., Silbernagel, G., Smith, E. N., Spijkerman, A. W., Stanton, A., Steffes, M. W., 
Thorand, B., Trip, M., van der Harst, P., van der, A. D. L., van Iperen, E. P., van Setten, J., 
van Vliet-Ostaptchouk, J. V., Verweij, N., Wolffenbuttel, B. H., Young, T., Zafarmand, M. 
H., Zmuda, J. M., Look AHEAD Research Group, DIAGRAM consortium, Boehnke, M., 
Altshuler, D., McCarthy, M., Kao, W. H., Pankow, J. S., Cappola, T. P., Sever, P., Poulter, 
N., Caulfield, M., Dominiczak, A., Shields, D. C., Bhatt, D. L., Zhang, L., Curtis, S. P., 
Danesh, J., Casas, J. P., van der Schouw, Y. T., Onland-Moret, N. C., Doevendans, P. A., 
Dorn, G. W.,2nd, Farrall, M., FitzGerald, G. A., Hamsten, A., Hegele, R., Hingorani, A. D., 
Hofker, M. H., Huggins, G. S., Illig, T., Jarvik, G. P., Johnson, J. A., Klungel, O. H., 
Knowler, W. C., Koenig, W., Marz, W., Meigs, J. B., Melander, O., Munroe, P. B., 
Mitchell, B. D., Bielinski, S. J., Rader, D. J., Reilly, M. P., Rich, S. S., Rotter, J. I., 
Saleheen, D., Samani, N. J., Schadt, E. E., Shuldiner, A. R., Silverstein, R., 
Kottke-Marchant, K., Talmud, P. J., Watkins, H., Asselbergs, F. W., de Bakker, P. I., 
McCaffery, J., Wijmenga, C., Sabatine, M. S., Wilson, J. G., Reiner, A., Bowden, D. W., 
Hakonarson, H., Siscovick, D. S., & Keating, B. J. (2012). Large-scale gene-centric 
meta-analysis across 39 studies identifies type 2 diabetes loci. American Journal of Human 
Genetics, 90(3), 410-425.  
Scheen, A. J., Sturis, J., Polonsky, K. S., & Van Cauter, E. (1996). Alterations in the ultradian 
oscillations of insulin secretion and plasma glucose in aging. Diabetologia, 39(5), 564-572.  
Schulz, L. O., Bennett, P. H., Ravussin, E., Kidd, J. R., Kidd, K. K., Esparza, J., & Valencia, M. 
E. (2006). Effects of traditional and western environments on prevalence of type 2 diabetes 
in Pima Indians in Mexico and the U.S. Diabetes Care, 29(8), 1866-1871.  
Schulze, M. B., Liu, S., Rimm, E. B., Manson, J. E., Willett, W. C., & Hu, F. B. (2004). 
Glycemic index, glycemic load, and dietary fiber intake and incidence of type 2 diabetes in 
younger and middle-aged women. The American Journal of Clinical Nutrition, 80(2), 
348-356.  
Selvin, E., Steffes, M. W., Zhu, H., Matsushita, K., Wagenknecht, L., Pankow, J., Coresh, J., & 
82 
 
Brancati, F. L. (2010). Glycated hemoglobin, diabetes, and cardiovascular risk in 
nondiabetic adults. The New England Journal of Medicine, 362(9), 800-811.  
Sentell,  T.  L.,  He,  G.,  Gregg,  E.  W.,  &  Schillinger,  D.  (2012).  Racial/ethnic  variation  in  
prevalence estimates for United States prediabetes under alternative 2010 American 
diabetes association criteria: 1988-2008. Ethnicity & Disease, 22(4), 451-458.  
Shai, I., Jiang, R., Manson, J. E., Stampfer, M. J., Willett, W. C., Colditz, G. A., & Hu, F. B. 
(2006). Ethnicity, obesity, and risk of type 2 diabetes in women: A 20-year follow-up study. 
Diabetes Care, 29(7), 1585-1590.  
Shimizu, M., Kawazu, S., Tomono, S., Ohno, T., Utsugi, T., Kato, N., Ishi, C., Ito, Y., & 
Murata, K. (1996). Age-related alteration of pancreatic beta-cell function. Increased 
proinsulin and proinsulin-to-insulin molar ratio in elderly, but not in obese, subjects 
without glucose intolerance. Diabetes Care, 19(1), 8-11.  
Smith, N. L., Barzilay, J. I., Shaffer, D., Savage, P. J., Heckbert, S. R., Kuller, L. H., Kronmal, 
R. A., Resnick, H. E., & Psaty, B. M. (2002). Fasting and 2-hour postchallenge serum 
glucose measures and risk of incident cardiovascular events in the elderly: The 
cardiovascular health study. Archives of Internal Medicine, 162(2), 209-216.  
Song, Y., Manson, J. E., Buring, J. E., & Liu, S. (2004). A prospective study of red meat 
consumption and type 2 diabetes in middle-aged and elderly women: The women's health 
study. Diabetes Care, 27(9), 2108-2115.  
Stegmayr, B., & Asplund, K. (1992). Measuring stroke in the population: Quality of routine 
statistics in comparison with a population-based stroke registry. Neuroepidemiology, 
11(4-6), 204-213.  
Stevens, J., Ahn, K., Juhaeri, Houston, D., Steffan, L., & Couper, D. (2002). Dietary fiber 
intake and glycemic index and incidence of diabetes in African-American and white adults: 
The ARIC study. Diabetes Care, 25(10), 1715-1721.  
Stolerman, E. S., & Florez, J. C. (2009). Genomics of type 2 diabetes mellitus: Implications for 
the clinician. Nature Reviews.Endocrinology, 5(8), 429-436.  
Succurro, E., Marini, M. A., Grembiale, A., Lugara, M., Andreozzi, F., Sciacqua, A., Hribal, M. 
L., Lauro, R., Perticone, F., & Sesti, G. (2009). Differences in cardiovascular risk profile 
based on relationship between post-load plasma glucose and fasting plasma levels.  
Diabetes/metabolism Research and Reviews, 25(4), 351-356.  
Swinburn, B. A., Nyomba, B. L., Saad, M. F., Zurlo, F., Raz, I., Knowler, W. C., Lillioja, S., 
Bogardus, C., & Ravussin, E. (1991). Insulin resistance associated with lower rates of 
weight gain in Pima Indians. The Journal of Clinical Investigation, 88(1), 168-173.  
Tan, C. E., Emmanuel, S. C., Tan, B. Y., & Jacob, E. (1999). Prevalence of diabetes and ethnic 
differences in cardiovascular risk factors. The 1992 Singapore national health survey. 
Diabetes Care, 22(2), 241-7.  
Taylor, K. S., Heneghan, C. J., Farmer, A. J., Fuller, A. M., Adler, A. I., Aronson, J. K., & 
Stevens, R. J. (2013). All-cause and cardiovascular mortality in middle-aged people with 
type 2 diabetes compared with people without diabetes in a large U.K. primary care 
database. Diabetes Care, [Epub ahead of print] 
Taylor, R. (2012). The 2012 Banting lectures reversing the twin cycles of type 2 diabetes. 
Diabetic Medicine, 30(3):267-275. 
The ACCORD study group. (2008). Effects of intensive glucose lowering in type 2 diabetes. 
New England Journal of Medicine, 358(24), 2545-2559.  
The ADVANCE Collaborative Group. (2008). Intensive blood glucose control and vascular 
outcomes in patients with type 2 diabetes. New England Journal of Medicine, 358(24), 
2560-2572.  
The DECODE Study Group. (1998). Will new diagnostic criteria for diabetes mellitus change 
phenotype of patients with diabetes? Reanalysis of European epidemiological data. 
83 
 
DECODE study group on behalf of the European diabetes epidemiology study group. 
British Medical Journal (Clinical Research Ed.), 317(7155), 371-375.  
The International Collaborative Group. (1979). Asymptomatic hyperglycemia and coronary 
heart disease. A series of papers by the international collaborative group, based on studies 
in fifteen populations. Introduction. Journal of Chronic Diseases, 32(11-12), 683-691.  
The NAVIGATOR study group. (2010). Effect of nateglinide on the incidence of diabetes and 
cardiovascular events. New England Journal of Medicine, 362(16), 1463-1476.  
Tirosh, A., Shai, I., Tekes-Manova, D., Israeli, E., Pereg, D., Shochat, T., Kochba, I., Rudich, 
A., & Israeli Diabetes Research Group. (2005). Normal fasting plasma glucose levels and 
type 2 diabetes in young men. New England Journal of Medicine, 353(14), 1454-1462.  
Tolonen, H., Salomaa, V., Torppa, J., Sivenius, J., Immonen-Raiha, P., Lehtonen, A., & for the 
FINSTROKE register. (2007). The validation of the finnish hospital discharge register and 
causes of death register data on stroke diagnoses. European Journal of Cardiovascular 
Prevention and Rehabilitation, 14(3), 380-385.  
Tong, Y., Lin, Y., Zhang, Y., Yang, J., Zhang, Y., Liu, H., & Zhang, B. (2009). Association 
between TCF7L2 gene polymorphisms and susceptibility to type 2 diabetes mellitus: A 
large human genome epidemiology (HuGE) review and meta-analysis. BMC Medical 
Genetics, 10, 15.  
Tuomilehto, J., Lindstrom, J., Eriksson, J. G., Valle, T. T., Hamalainen, H., Ilanne-Parikka, P., 
Keinanen-Kiukaanniemi, S., Laakso, M., Louheranta, A., Rastas, M., Salminen, V., & 
Uusitupa, M. (2001). Prevention of type 2 diabetes mellitus by changes in lifestyle among 
subjects with impaired glucose tolerance. New England Journal of Medicine, 344(18), 
1343-50.  
Tuomilehto, J., Rastenyte, D., Jousilahti, P., Sarti, C., & Vartiainen, E. (1996). Diabetes 
mellitus as a risk factor for death from stroke: Prospective study of the middle-aged Finnish 
population. Stroke, 27(2), 210-215.  
Ubink-Veltmaat, L. J., Bilo, H. J., Groenier, K. H., Houweling, S. T., Rischen, R. O., & 
Meyboom-de Jong, B. (2003). Prevalence, incidence and mortality of type 2 diabetes 
mellitus revisited: A prospective population-based study in the Netherlands (ZODIAC-1). 
European Journal of Epidemiology, 18(8), 793-800.  
UKPDS Study Group. (1998). Intensive blood-glucose control with sulphonylureas or insulin 
compared with conventional treatment and risk of complications in patients with type 2 
diabetes (UKPDS 33). UK prospective diabetes study (UKPDS) group. Lancet, 352(9131), 
837-853.  
Umpierre, D., Ribeiro, P. A., Kramer, C. K., Leitao, C. B., Zucatti, A. T., Azevedo, M. J., Gross, 
J. L., Ribeiro, J. P., & Schaan, B. D. (2011). Physical activity advice only or structured 
exercise training and association with HbA1c levels in type 2 diabetes: A systematic review 
and meta-analysis. The Journal of the American Medical Association, 305(17), 1790-1799.  
Unger, R. H. (2003). Lipid overload and overflow: Metabolic trauma and the metabolic 
syndrome. Trends in Endocrinology and Metabolism, 14(9), 398-403.  
Uusitupa, M. I., Stancakova, A., Peltonen, M., Eriksson, J. G., Lindstrom, J., Aunola, S., 
Ilanne-Parikka, P., Keinanen-Kiukaanniemi, S., Tuomilehto, J., & Laakso, M. (2011). 
Impact of positive family history and genetic risk variants on the incidence of diabetes: The 
Finnish diabetes prevention study. Diabetes Care, 34(2), 418-423.  
Valdez, R., Yoon, P. W., Liu, T., & Khoury, M. J. (2007). Family history and prevalence of 
diabetes in the U.S. population: The 6-year results from the national health and nutrition 
examination survey (1999-2004). Diabetes Care, 30(10), 2517-22.  
van Dam, R. M., Willett, W. C., Rimm, E. B., Stampfer, M. J., & Hu, F. B. (2002). Dietary fat 
and meat intake in relation to risk of type 2 diabetes in men. Diabetes Care, 25(3), 
417-424.  
84 
 
van Dam, R. M., Boer, J. M. A., Feskens, E. J. M., & Seidell, J. C. (2001). Parental history of 
diabetes modifies the association between abdominal adiposity and hyperglycemia. 
Diabetes Care, 24(8), 1454-1459.  
Villegas, R., Liu, S., Gao, Y. T., Yang, G., Li, H., Zheng, W., & Shu, X. O. (2007). Prospective 
study of dietary carbohydrates, glycemic index, glycemic load, and incidence of type 2 
diabetes mellitus in middle-aged Chinese women. Archives of Internal Medicine, 167(21), 
2310-2316.  
Voight, B. F., Scott, L. J., Steinthorsdottir, V., Morris, A. P., Dina, C., Welch, R. P., Zeggini, E., 
Huth, C., Aulchenko, Y. S., Thorleifsson, G., McCulloch, L. J., Ferreira, T., Grallert, H., 
Amin, N., Wu, G., Willer, C. J., Raychaudhuri, S., McCarroll, S. A., Langenberg, C., 
Hofmann, O. M., Dupuis, J., Qi, L., Segre, A. V., van Hoek, M., Navarro, P., Ardlie, K., 
Balkau, B., Benediktsson, R., Bennett, A. J., Blagieva, R., Boerwinkle, E., Bonnycastle, L. 
L., Bengtsson Bostrom, K., Bravenboer, B., Bumpstead, S., Burtt, N. P., Charpentier, G., 
Chines, P. S., Cornelis, M., Couper, D. J., Crawford, G., Doney, A. S., Elliott, K. S., Elliott, 
A. L., Erdos, M. R., Fox, C. S., Franklin, C. S., Ganser, M., Gieger, C., Grarup, N., Green, 
T., Griffin, S., Groves, C. J., Guiducci, C., Hadjadj, S., Hassanali, N., Herder, C., Isomaa, 
B., Jackson, A. U., Johnson, P. R., Jorgensen, T., Kao, W. H., Klopp, N., Kong, A., Kraft, 
P., Kuusisto, J., Lauritzen, T., Li, M., Lieverse, A., Lindgren, C. M., Lyssenko, V., Marre, 
M., Meitinger, T., Midthjell, K., Morken, M. A., Narisu, N., Nilsson, P., Owen, K. R., 
Payne, F., Perry, J. R., Petersen, A. K., Platou, C., Proenca, C., Prokopenko, I., Rathmann, 
W., Rayner, N. W., Robertson, N. R., Rocheleau, G., Roden, M., Sampson, M. J., Saxena, 
R., Shields, B. M., Shrader, P., Sigurdsson, G., Sparso, T., Strassburger, K., Stringham, H. 
M., Sun, Q., Swift, A. J., Thorand, B., Tichet, J., Tuomi, T., van Dam, R. M., van Haeften, 
T. W., van Herpt, T., van Vliet-Ostaptchouk, J. V., Walters, G. B., Weedon, M. N., 
Wijmenga, C., Witteman, J., Bergman, R. N., Cauchi, S., Collins, F. S., Gloyn, A. L., 
Gyllensten, U., Hansen, T., Hide, W. A., Hitman, G. A., Hofman, A., Hunter, D. J., Hveem, 
K., Laakso, M., Mohlke, K. L., Morris, A. D., Palmer, C. N., Pramstaller, P. P., Rudan, I., 
Sijbrands, E., Stein, L. D., Tuomilehto, J., Uitterlinden, A., Walker, M., Wareham, N. J., 
Watanabe, R. M., Abecasis, G. R., Boehm, B. O., Campbell, H., Daly, M. J., Hattersley, A. 
T., Hu, F. B., Meigs, J. B., Pankow, J. S., Pedersen, O., Wichmann, H. E., Barroso, I., 
Florez, J. C., Frayling, T. M., Groop, L., Sladek, R., Thorsteinsdottir, U., Wilson, J. F., Illig, 
T., Froguel, P., van Duijn, C. M., Stefansson, K., Altshuler, D., Boehnke, M., McCarthy, M. 
I., MAGIC investigators, & GIANT Consortium. (2010). Twelve type 2 diabetes 
susceptibility loci identified through large-scale association analysis. Nature Genetics, 
42(7), 579-589.  
Wandell, P. E., & Theobald, H. (2007). The association between low fasting blood glucose 
value and mortality. Current Diabetes Reviews, 3(4), 274-279.  
Wang, X., Bao, W., Liu, J., Ouyang, Y. Y., Wang, D., Rong, S., Xiao, X., Shan, Z. L., Zhang, 
Y., Yao, P., & Liu, L. G. (2013). Inflammatory markers and risk of type 2 diabetes: A 
systematic review and meta-analysis. Diabetes Care, 36(1), 166-175.  
Wannamethee, S. G., & Shaper, A. G. (1999). Weight change and duration of overweight and 
obesity in the incidence of type 2 diabetes. Diabetes Care, 22(8), 1266-1272.  
Wannamethee, S. G., Perry, I. J., & Shaper, A. G. (1999). Nonfasting serum glucose and insulin 
concentrations and the risk of stroke. Stroke, 30(9), 1780-1786.  
Wardle, J., & Steptoe, A. (2003). Socioeconomic differences in attitudes and beliefs about 
healthy lifestyles. Journal of Epidemiology and Community Health, 57(6), 440-443.  
Wei, M., Gibbons, L. W., Mitchell, T. L., Kampert, J. B., Stern, M. P., & Blair, S. N. (2000). 
Low fasting plasma glucose level as a predictor of cardiovascular disease and all-cause 
mortality. Circulation, 101(17), 2047-2052.  
Wellen, K. E., & Hotamisligil, G. S. (2005). Inflammation, stress, and diabetes. The Journal of 
85 
 
Clinical Investigation, 115(5), 1111-1119.  
Weyer, C., Bogardus, C., Mott, D. M., & Pratley, R. E. (1999). The natural history of insulin 
secretory dysfunction and insulin resistance in the pathogenesis of type 2 diabetes mellitus. 
The Journal of Clinical Investigation, 104(6), 787-794.  
Whiting, D. R., Guariguata, L., Weil, C., & Shaw, J. (2011). IDF diabetes atlas: Global 
estimates of the prevalence of diabetes for 2011 and 2030. Diabetes Research and Clinical 
Practice, 94(3), 311-321.  
WHO consultation. (2000). Obesity: Preventing and managing the global epidemic. Report of a 
WHO consultation. World Health Organ Tech Rep Ser.2000;894:I-Xii, 1-253., 894(i-xii), 
1-253.  
WHO Expert Committee. (1999). Definition, diagnosis and classification of diabetes mellitus 
and its complications. Report of a WHO consultation. 
WHO MONICA Project Principal Investigators. (1988). The world health organization monica 
project (monitoring trends and determinants in cardiovascular disease): A major 
international collaboration. Journal of Clinical Epidemiology, 41(2), 105-114.  
WHO consultation. (2011). Use of glycated haemoglobin (HbA1c) in the diagnosis of diabetes 
mellitus. Abbreviated report of a WHO consultation. Internet-source, available from 
http://www.who.int/diabetes/publications/diagnosis_diabetes2011/en/  
Wilcox, G. (2005). Insulin and insulin resistance. The Clinical Biochemist.Reviews / Australian 
Association of Clinical Biochemists, 26(2), 19-39.  
Wilcox, R., Kupfer, S., Erdmann, E., & PROactive Study investigators. (2008). Effects of 
pioglitazone on major adverse cardiovascular events in high-risk patients with type 2 
diabetes: Results from PROspective pioglitAzone clinical trial in macro vascular events 
(PROactive 10). American Heart Journal, 155(4), 712-717.  
Wild, S., Roglic, G., Green, A., Sicree, R., & King, H. (2004). Global prevalence of diabetes. 
Diabetes Care, 27(5), 1047-1053.  
Willett, W. C., Manson, J. E., Stampfer, M. J., Colditz, G. A., Rosner, B., Speizer, F. E., & 
Hennekens, C. H. (1995). Weight, weight change, and coronary heart disease in women. 
Risk within the 'normal' weight range. The Journal of the American Medical Association, 
273(6), 461-465.  
Willi, C., Bodenmann, P., Ghali, W. A., Faris, P. D., & Cornuz, J. (2007). Active smoking and 
the risk of type 2 diabetes: A systematic review and meta-analysis. The Journal of the 
American Medical Association, 298(22), 2654-2664.  
Wilmot, E. G., Edwardson, C. L., Achana, F. A., Davies, M. J., Gorely, T., Gray, L. J., Khunti, 
K., Yates, T., & Biddle, S. J. (2012). Sedentary time in adults and the association with 
diabetes, cardiovascular disease and death: Systematic review and meta-analysis. 
Diabetologia, 55(11), 2895-2905.  
Wood, P. D., Stefanick, M. L., Dreon, D. M., Frey-Hewitt, B., Garay, S. C., Williams, P. T., 
Superko, H. R., Fortmann, S. P., Albers, J. J., & Vranizan, K. M. (1988). Changes in 
plasma lipids and lipoproteins in overweight men during weight loss through dieting as 
compared with exercise. New England Journal of Medicine, 319(18), 1173-1179.  
World Health Organization. (1980). WHO expert committee on diabetes mellitus: Second 
report. World Health Organization Technical Report Series, 646, 1-80.  
World Health Organization. (1994). The international classification of diseases-10. 
Internet-source, available from http://apps.who.int/classifications/icd10/browse/2010/en  
World Health Organization. (1994). Prevention of diabetes mellitus. Report of a WHO study 
group. World Health Organization Technical Report Series, 844, 1-100.  
World Health Organization. (1999). 1999 world health organization-international society of 
hypertension guidelines for the management of hypertension. Guidelines subcommittee. 
Journal of Hypertension.1999 Feb;17(2):151-83., (0263-6352 (Print)), 151.  
86 
 
World Health Organization. (2005). Preventing chronic diseases: A vital investment. 
Internet-source, available from http://www.who.int/chp/chronic_disease_report/en/ 
World Health Organization & International Diabetes Federation consultation. (2006). Definition 
and diagnosis of diabetes mellitus and intermediate hyperglycaemia. Internet-source, 
available from http://www.who.int/diabetes/publications/diagnosis diabetes2006/en/ 
Wulan, S. N., Westerterp, K. R., & Plasqui, G. (2010). Ethnic differences in body composition 
and the associated metabolic profile: A comparative study between Asians and Caucasians. 
Maturitas, 65, 315-319.  
Xu, F., Yin, X. M., Zhang, M., Leslie, E., Ware, R., & Owen, N. (2006). Family average 
income and diagnosed type 2 diabetes in urban and rural residents in regional Mainland 
China. Diabetic Medicine, 23(11), 1239-1246.  
Yamagishi, S., Nakamura, K., & Imaizumi, T. (2005). Advanced glycation end products (AGEs) 
and diabetic vascular complications. Current Diabetes Reviews, 1(1), 93-106.  
Yang, W., Lu, J., Weng, J., Jia, W., Ji, L., Xiao, J., Shan, Z., Liu, J., Tian, H., Ji, Q., Zhu, D., Ge, 
J., Lin, L., Chen, L., Guo, X., Zhao, Z., Li, Q., Zhou, Z., Shan, G., He, J., & Group.,China 
National Diabetes and Metabolic Disorders Study. (2010). Prevalence of diabetes among 
men and women in China. New England Journal of Medicine, 362(12), 1090-1101.  
Yeh, H. C., Duncan, B. B., Schmidt, M. I., Wang, N. Y., & Brancati, F. L. (2010). Smoking, 
smoking cessation, and risk for type 2 diabetes mellitus: A cohort study. Annals of Internal 
Medicine, 152(1), 10-17.  
Yudkin, J. S., Denver, A. E., Mohamed-Ali, V., Ramaiya, K. L., Nagi, D. K., Goubet, S., 
McLarty, D. G., & Swai, A. (1997). The relationship of concentrations of insulin and 
proinsulin-like molecules with coronary heart disease prevalence and incidence. A study of 
two ethnic groups. Diabetes Care, 20(7), 1093-1100.  
Yudkin, J. S. (2002). Post-load hyperglycaemia-an inappropriate therapeutic target. Lancet, 
359(9301), 166-167.  
Yudkin, J. S., Stehouwer, C. D. A., Emeis, J. J., & Coppack, S. W. (1999). C-reactive protein in 
healthy subjects: Associations with obesity, insulin resistance, and endothelial dysfunction: 
A potential role for cytokines originating from adipose tissue? Arteriosclerosis, 
Thrombosis, and Vascular Biology, 19(4), 972-978.  
Zeggini, E., Weedon, M. N., Lindgren, C. M., Frayling, T. M., Elliott, K. S., Lango, H., 
Timpson, N. J., Perry, J. R., Rayner, N. W., Freathy, R. M., Barrett, J. C., Shields, B., 
Morris, A. P., Ellard, S., Groves, C. J., Harries, L. W., Marchini, J. L., Owen, K. R., Knight, 
B., Cardon, L. R., Walker, M., Hitman, G. A., Morris, A. D., Doney, A. S., Wellcome 
Trust  Case  Control  Consortium (WTCCC),  McCarthy,  M.  I.,  & Hattersley,  A.  T.  (2007).  
Replication of genome-wide association signals in UK samples reveals risk loci for type 2 
diabetes. Science (New York, N.Y.), 316(5829), 1336-1341.  
Zhang, Y. L., Gao, W. G., Pang, Z. C., Sun, J. P., Wang, S. J., Ning, F., Song, X., Kapur, A., & 
Qiao, Q. (2012). Diabetes self-risk assessment questionnaires coupled with a multimedia 
health promotion campaign are cheap and effective tools to increase public awareness of 
diabetes in a large Chinese population. Diabetic Medicine, 29(11), e425-9.  
Zhou, X., Pang, Z., Gao, W., Wang, S., Zhang, L., Ning, F., Xue, B., Chen, X., & Qiao, Q. 
(2011). Fresh vegetable intake and prevalence of diabetes in a Chinese population in 
Qingdao. Diabetes Research and Clinical Practice, 92(1), 137-142.  
Zimmet, P., Alberti, K. G., & Shaw, J. (2001). Global and societal implications of the diabetes 
epidemic. Nature, 414(6865), 782-787.  
87
 
 AP
PE
N
D
IX
  
M
et
ho
do
lo
gi
es
 u
se
d 
in
 ea
ch
 st
ud
y 
co
ho
rt.
 
C
ou
nt
rie
s a
nd
 st
ud
ie
s 
Bl
oo
d 
sa
m
pl
e 
 
Fa
st
in
g 
an
d 
2-
ho
ur
 g
lu
co
se
  
To
ta
l c
ho
le
st
er
ol
 
Fa
st
in
g 
in
su
lin
  
C
hi
na
 
 
 
 
 
H
on
g 
K
on
g 
 
C
ar
di
ov
as
cu
la
r R
is
k 
 
Fa
ct
or
 P
re
va
le
nc
e 
St
ud
y 
 
Pl
as
m
a 
H
ex
ok
in
as
e 
m
et
ho
d 
 
(H
ita
ch
i 7
47
 a
na
ly
se
r  
w
ith
 B
oe
hr
in
ge
r 
 
M
an
nh
ei
m
, G
er
m
an
y)
  
C
ho
le
ste
ro
l o
xi
da
se
 (C
H
O
D
) m
et
ho
d;
 H
ita
ch
i 7
17
 
an
al
ys
er
 (H
ita
ch
i I
ns
tru
m
en
ts,
 C
al
ifo
rn
ia
, 
U
SA
). 
M
ic
ro
pa
rti
cl
e 
en
zy
m
e 
im
m
un
oa
ss
ay
 
H
on
g 
K
on
g 
W
or
kf
or
ce
 
su
rv
ey
 o
n 
C
V
D
 R
is
k 
Fa
ct
or
s 
 
V
en
ou
s P
la
sm
a 
G
lu
co
se
 o
xi
da
se
  
m
et
ho
d 
(D
ia
gn
os
tic
 C
he
m
ic
al
s 
re
ag
en
t k
it,
 C
an
ad
a)
  
En
zy
m
at
ic
 m
et
ho
d,
 w
ith
 re
ag
en
ts
 (B
ak
er
 
In
str
um
en
ts
 C
or
po
ra
tio
n,
 A
lle
nt
ow
n,
 P
A
 1
81
03
, 
U
SA
) w
ith
 C
ob
as
 M
ira
 a
na
ly
ze
r (
H
of
fm
an
-L
a 
R
oc
he
 a
nd
 C
o.
, B
as
le
 S
w
itz
er
la
nd
). 
Ra
di
oi
m
m
un
oa
ss
ay
 (P
ha
rm
ac
ia
 
In
su
lin
 R
IA
 1
00
, P
ha
rm
ac
ia
 
D
ia
gn
os
tic
s A
B,
 U
pp
sa
la
, 
Sw
ed
en
) 
Q
in
gd
ao
 D
ia
be
te
s 
 
Su
rv
ey
 2
00
1–
20
02
  
Pl
as
m
a 
G
lu
co
se
 o
xi
da
se
  
m
et
ho
d 
(A
M
S 
A
na
ly
se
r  
M
ed
ic
al
 S
ys
te
m
,  
SA
BA
-1
8,
 It
al
y)
  
En
zy
m
at
ic
 m
et
ho
d 
(A
M
S 
A
na
ly
ze
r M
ed
ic
al
 
Sy
st
em
, S
A
BA
-1
8,
 R
om
e,
 It
al
y)
 
Ra
di
oi
m
m
un
oa
ss
ay
 (B
ei
jin
g 
N
or
th
 In
sti
tu
te
 o
f B
io
lo
gi
ca
l 
Te
ch
no
lo
gy
) 
Q
in
da
o 
D
ia
be
te
s 
 
Su
rv
ey
 2
00
6 
 
Se
ru
m
 
G
lu
co
se
 o
xi
da
se
 m
et
ho
d 
(O
LY
M
PU
S-
A
U
64
0 
A
ut
om
at
ic
 
an
al
yz
er
s)
 
En
zy
m
at
ic
 m
et
ho
d 
(O
ly
m
pu
s r
ea
ge
nt
) W
ith
 
O
LY
M
PU
S-
A
U
64
0 
A
ut
om
at
ic
 A
na
ly
ze
rs
 
(O
ly
m
pu
s O
pt
ic
al
. T
ok
yo
, J
ap
an
) 
Im
m
un
oa
ss
ay
, 
C
he
m
ilu
m
in
es
ce
nc
e;
 C
IA
  
A
B
B
O
TT
, A
X
SY
M
, U
SA
 
D
en
m
ar
k 
 
 
 
 
G
lo
st
ru
p 
V
en
ou
s w
ho
le
 b
lo
od
 
G
lu
co
se
-o
xi
da
se
 
En
zy
m
at
ic
 c
ol
or
im
et
ric
 m
et
ho
ds
 (G
PO
-P
A
P 
an
d 
C
H
O
D
-P
A
P;
 R
oc
he
 M
ol
ec
ul
ar
 B
io
ch
em
ic
al
s, 
M
an
nh
ei
m
, G
er
m
an
y)
 
Fl
uo
ro
im
m
un
oa
ss
ay
 te
ch
ni
qu
e 
(A
ut
oD
EL
FI
A
; P
er
ki
n 
El
m
er
-W
al
la
c,
 T
ur
ku
, F
in
la
nd
). 
Fi
nl
an
d 
 
 
 
 
Ea
st
-W
es
t m
en
 S
tu
dy
 
V
en
ou
s P
la
sm
a 
G
lu
co
se
 d
eh
yd
ro
ge
na
se
 
En
zy
m
at
ic
 te
ch
ni
qu
es
 (M
on
ot
es
t, 
Bo
eh
rin
ge
r 
M
an
nh
ei
m
 G
m
bH
, F
RG
) O
lli
 C
30
00
 p
ho
to
m
et
er
 
(K
on
e 
O
y,
 F
in
la
nd
) 
Ra
di
oi
m
m
un
oa
ss
ay
 (n
on
-s
pc
ifi
c)
 
Ph
ar
m
ac
ia
 D
ia
gn
os
tic
s, 
U
pp
sa
la
, 
Sw
ed
en
 
Th
e 
N
at
io
na
l F
IN
R
IS
K
 
St
ud
y 
19
87
  
V
en
ou
s w
ho
le
 b
lo
od
 
G
lu
co
se
 d
eh
yd
ro
ge
na
se
  
En
zy
m
at
ic
 te
ch
ni
qu
es
 (C
ho
le
st
er
ol
 
ox
id
as
e-
pe
ro
xi
da
se
-a
m
id
op
yr
in
e, 
C
H
O
D
-P
A
P,
 
B
oe
hr
in
ge
r-
M
an
nh
ei
m
, M
an
nh
ei
m
, G
er
m
an
y)
 
Ra
di
oi
m
m
un
oa
ss
ay
 (n
on
-s
pc
ifi
c)
 
Th
e 
N
at
io
na
l F
IN
R
IS
K
 
St
ud
y 
19
92
  
V
en
ou
s P
la
sm
a 
 
G
lu
co
se
 d
eh
yd
ro
ge
na
se
  
En
zy
m
at
ic
 te
ch
ni
qu
es
 (C
ho
le
st
er
ol
 
ox
id
as
e-
pe
ro
xi
da
se
-a
m
id
op
yr
in
e, 
C
H
O
D
-P
A
P,
 
B
oe
hr
in
ge
r-
M
an
nh
ei
m
, M
an
nh
ei
m
, G
er
m
an
y)
 
Ra
di
oi
m
m
un
oa
ss
ay
 (n
on
-s
pc
ifi
c)
 
Th
e 
N
at
io
na
l F
IN
R
IS
K
 
St
ud
y 
20
02
  
Pl
as
m
a 
 
H
ex
ok
in
as
e 
as
sa
y 
 
(T
he
rm
o 
El
ec
tro
n 
O
y)
  
En
zy
m
at
ic
 m
et
ho
d 
(C
H
O
D
-P
A
P;
 T
he
rm
o 
El
ek
tro
n 
O
y,
 F
in
la
nd
) 
M
ik
ro
pa
rti
cl
e 
En
tz
ym
e 
im
m
un
oa
ss
ay
. A
bb
ot
t 
La
bo
ra
to
rie
s A
xS
Y
M
®
 
88
 
 H
el
si
nk
i P
ol
ic
em
en
 S
tu
dy
 
V
en
ou
s w
ho
le
 b
lo
od
  
o-
to
lu
id
in
e 
Es
tim
at
io
n 
m
et
ho
d 
of
 A
be
ll 
et
 a
l. 
Ra
di
oi
m
m
un
oa
ss
ay
 (n
on
-s
pc
ifi
c)
 
O
ul
u 
St
ud
y 
C
ap
ill
ar
y 
w
ho
le
 
bl
oo
d 
gl
uc
os
e 
de
hy
dr
og
en
as
e 
(M
er
ck
 
D
ia
gn
os
tic
a,
 D
ar
m
sta
dt
, F
RC
). 
En
zy
m
at
ic
 m
et
ho
d 
(C
H
O
D
-P
A
P,
 B
oe
hr
in
ge
r 
M
an
nh
ei
m
, M
an
nh
ei
m
, G
er
m
an
y)
. 
Ra
di
oi
m
m
un
oa
ss
ay
 ( 
th
e 
Ph
ad
es
ep
h 
In
su
lin
 R
IA
10
0 
ki
t, 
Ph
ar
m
ac
ia
 D
ia
gn
os
tic
s A
B,
 
U
pp
sa
la
, S
w
ed
en
) 
V
an
ta
a 
St
ud
y 
V
en
ou
s w
ho
le
 
bl
oo
d 
G
lu
co
se
 o
xi
da
se
 (B
ec
km
an
 
In
str
um
en
ts
, F
ul
le
rto
n,
 
C
al
ifo
rn
ia
) 
En
zy
m
at
ic
 te
ch
ni
qu
es
 (B
oe
hr
in
ge
r-
M
an
nh
ei
m
) 
Ra
di
oi
m
m
un
oa
ss
ay
 (P
ha
se
de
ph
, 
Ph
ar
m
ac
ia
 D
ia
gn
os
tic
s, 
U
pp
sa
la
, S
w
ed
en
) 
In
di
a 
 
 
 
 
C
he
nn
ai
 U
rb
an
  
Po
pu
la
tio
n 
 
St
ud
y 
(C
U
PS
) 1
99
7 
 
Pl
as
m
a 
 
G
O
D
-P
O
D
 m
et
ho
d,
 w
ith
 k
it 
(B
oe
hr
in
ge
r M
an
nh
ei
m
, 
G
er
m
an
y 
) a
nd
 C
ib
a 
C
or
ni
ng
 
Ex
pr
es
s P
lu
s A
ut
oa
na
ly
se
r 
(C
or
ni
ng
, M
ed
fie
ld
, M
A
, U
SA
) 
 
C
H
O
D
-P
A
P 
m
et
ho
d 
(B
oe
hr
in
ge
r M
an
nh
ei
m
, 
G
er
m
an
y)
 
C
or
ni
ng
 E
xp
re
ss
 P
lu
s A
ut
o 
A
na
ly
se
r (
C
or
ni
ng
, 
m
ed
fie
d,
 M
A
, U
SA
) 
En
zy
m
e-
lin
ke
d 
Im
m
un
os
or
be
nt
 
A
ss
ay
 (E
LI
SA
) D
ak
o 
ki
t (
D
ak
o 
D
ia
gn
os
tic
s, 
D
en
m
ar
k)
 
C
he
nn
ai
 U
rb
an
  
Ru
ra
l E
pi
de
m
io
lo
gi
ca
l  
St
ud
y 
(C
U
RE
S)
 2
00
4 
 
Pl
as
m
a 
 
G
lu
co
se
 o
xi
da
se
-p
er
ox
id
as
e 
m
et
ho
d 
(H
ita
ch
i 9
12
 
A
ut
oa
na
ly
se
r (
H
ita
ch
i, 
M
an
nh
ei
m
, G
er
m
an
y)
  
C
H
O
D
-P
A
P 
m
et
ho
d 
w
ith
 H
ita
ch
i-9
12
 A
ut
oa
na
l y
se
r 
(H
ita
ch
i, 
M
an
nh
ei
m
, G
er
m
an
y)
 u
sin
g 
ki
ts
 su
pp
lie
d 
by
 R
oc
he
 D
ia
gn
os
tic
s (
M
an
nh
ei
m
, G
er
m
an
y)
. 
En
zy
m
e-
lin
ke
d 
Im
m
un
os
or
be
nt
 
A
ss
ay
 (E
LI
SA
) 
It
al
y 
 
 
 
 
C
re
m
on
a 
St
ud
y 
 
Pl
as
m
a 
 
G
O
D
-P
A
P 
gl
uc
os
e 
 
ox
id
as
e 
(B
oe
hr
in
ge
r 
 
M
an
nh
ei
m
, M
ila
n,
 It
al
y)
  
En
zy
m
at
ic
 te
ch
ni
qu
es
 (B
oe
hr
in
ge
r-
M
an
nh
ei
m
, 
M
an
nh
ei
m
, G
er
m
an
y)
 w
ith
 C
IB
A
 C
or
ni
ng
 5
50
 
Ex
pr
es
s A
ut
o-
an
al
ys
er
 
Ra
di
oi
m
m
un
oa
ss
ay
 
Ja
np
an
es
e/
Br
az
il 
an
d 
U
SA
 
 
 
 
 
Sã
o 
Pa
ul
o 
92
-9
3 
St
ud
y 
Pl
as
m
a 
G
lu
co
se
 o
xi
da
se
 m
et
ho
d 
 
En
zy
m
at
ic
 m
et
ho
d,
 a
ut
om
at
ic
 a
na
ly
ze
r, 
m
on
oc
lo
na
l 
an
tib
od
y-
ba
se
d 
im
m
un
of
lu
or
im
et
ric
 a
ss
ay
 
(A
ut
oD
el
fia
, P
er
ki
nE
lm
er
 L
ife
 S
ci
en
ce
s I
nc
, 
N
or
to
n,
 O
H
, U
SA
) 
Ra
di
oi
m
m
un
oa
ss
a y
 
Sã
o 
Pa
ul
o 
99
-0
0 
St
ud
y 
Pl
as
m
a 
G
lu
co
se
 o
xi
da
se
 m
et
ho
d 
 
En
zy
m
at
ic
 m
et
ho
d,
 a
ut
om
at
ic
 a
na
ly
ze
r, 
m
on
oc
lo
na
l 
an
tib
od
y-
ba
se
d 
im
m
un
of
lu
or
im
et
ric
 a
ss
ay
 
(A
ut
oD
el
fia
, P
er
ki
nE
lm
er
 L
ife
 S
ci
en
ce
s I
nc
, 
N
or
to
n,
 O
H
, U
SA
) 
M
on
oc
lo
na
l a
nt
ib
od
y-
ba
se
d 
im
m
un
of
lu
or
im
et
ric
 a
ss
ay
 
Se
at
tle
 S
tu
d y
 
Se
ru
m
  
A
ut
om
at
ed
 g
lu
co
se
 o
xi
da
se
 
m
et
ho
d 
En
zy
m
at
ic
 m
et
ho
d,
 A
bb
ot
t A
BA
 2
00
 b
ic
hr
om
at
ic
 
an
al
yz
er
 
Im
m
un
op
re
ci
pi
ta
tio
n 
ra
di
oi
m
m
un
oa
ss
ay
 (d
ou
bl
e 
an
tib
od
y)
 
89
 
 M
au
ri
tiu
s 
 
 
 
 
M
au
rit
iu
s 8
7 
 
Pl
as
m
a 
Y
el
lo
w
 S
pr
in
gs
 In
str
um
en
ts
 
(Y
SI
) g
lu
co
se
 a
na
ly
ze
r, 
O
H
, 
U
SA
  
M
an
ua
l e
nz
ym
at
ic
 c
ol
or
im
et
ric
 m
et
ho
d 
(C
ou
lte
r 
M
in
ik
em
 S
pe
ct
ro
ph
ot
om
et
er
), 
(B
oe
rin
ge
r C
at
 n
o 
70
19
12
) 
A
 m
od
ifi
ed
 ra
di
oi
m
m
un
oa
sa
y 
( p
ro
ce
ss
ed
 b
y 
So
el
dn
er
 a
nd
 
Sl
on
e,
19
65
) 
M
au
rit
iu
s 9
2 
 
Pl
as
m
a 
Y
el
lo
w
 S
pr
in
gs
 In
str
um
en
ts
 
(Y
SI
) g
lu
co
se
 a
na
ly
ze
r, 
O
H
, 
U
SA
  
A
ut
om
at
ed
 e
nz
ym
at
ic
 m
et
ho
d 
w
ith
 C
he
m
is
try
 
Pr
of
ile
 A
na
ly
se
r M
od
el
 L
S 
(C
ou
lte
r-
 F
ra
nc
e)
 
A
 m
od
ifi
ed
 ra
di
oi
m
m
un
oa
sa
y 
( p
ro
ce
ss
ed
 b
y 
So
el
dn
er
 a
nd
 
Sl
on
e,
19
65
) 
M
au
rit
iu
s 9
8 
 
Pl
as
m
a 
 
Y
el
lo
w
 S
pr
in
gs
 In
str
um
en
ts
 
(Y
SI
) g
lu
co
se
 a
na
ly
ze
r, 
O
H
, 
U
SA
  
A
ut
om
at
ed
 e
nz
ym
at
ic
 m
et
ho
ds
; C
ob
as
 M
ira
 
an
al
yz
er
 (R
oc
he
 D
ia
gn
os
tic
s, 
Fr
an
ce
) 
En
zy
m
e-
lin
ke
d 
Im
m
un
os
or
be
nt
 
A
ss
ay
 (E
LI
SA
).D
A
K
O
, N
ov
o,
 
U
K
 
Po
la
nd
 
 
 
 
 
M
O
N
IC
A
 S
tu
dy
 
Se
ru
m
 
G
lu
co
se
 o
xi
da
se
  
D
ire
ct
 L
ie
be
rm
an
n-
Bu
rc
ha
rd
 m
et
ho
d 
(B
oe
hr
in
ge
r-
M
an
nh
ei
m
) 
Im
m
un
or
ad
io
m
et
ric
 a
ss
ay
 m
et
ho
d 
(P
ol
at
om
, S
w
ie
rk
, P
ol
an
d)
. 
Sw
ed
en
 
 
 
 
 
M
al
m
ö 
St
ud
y 
 
Pl
as
m
a 
G
lu
co
se
 o
xi
da
se
  
(B
ec
km
an
 a
na
ly
ze
r)
  
R
ou
tin
e 
m
et
ho
ds
 a
t t
he
 D
ep
ar
tm
en
t o
f C
lin
ic
al
 
C
he
m
is
try
 a
t M
al
m
ö 
U
ni
ve
rs
ity
 H
os
pi
ta
l 
Ra
di
oi
m
m
un
oa
ss
ay
 (n
on
-s
pc
ifi
c)
 
M
O
N
IC
A
 S
tu
d y
 
Pl
as
m
a 
G
lu
co
se
 o
xi
da
se
  
(B
ec
km
an
 a
na
ly
ze
r)
  
En
zy
m
at
ic
 te
ch
ni
qu
es
 (B
oe
hr
in
ge
r-
M
an
nh
ei
m
 
G
m
bH
, G
er
m
an
y)
 
D
ou
bl
e 
an
tib
od
y 
ra
di
oi
m
m
un
oa
ss
ay
 (n
on
-s
pc
ifi
c)
 
Ph
ad
es
ep
h 
In
su
lin
 R
IA
,  
Ph
ar
m
ac
ia
 D
ia
gn
os
tic
s, 
U
pp
sa
la
, 
Sw
ed
en
 
U
LS
A
M
 S
tu
dy
 
Pl
as
m
a 
 
G
lu
co
se
 o
xi
da
se
  
(B
ec
km
an
 a
na
ly
ze
r)
  
En
zy
m
at
ic
 te
ch
ni
qu
es
 u
sin
g 
IL
 T
es
t C
ho
le
st
er
ol
 
Tr
in
de
rs
's 
M
et
ho
d 
an
d 
IL
 T
es
t 
En
zy
m
at
ic
-c
ol
or
im
et
ric
 M
et
ho
d 
fo
r u
se
 in
 a
 
M
on
ar
ch
 a
pp
ar
at
us
 (I
ns
tru
m
en
ta
tio
n 
La
bo
ra
to
rie
s, 
Le
xi
ng
to
n,
U
SA
).h
ttp
://
w
w
w
.p
ub
ca
re
.u
u.
se
/U
LS
A
M
/ i
nv
es
t/7
0y
rs
/m
et
h7
0.
ht
m
#0
9)
 
En
zy
m
at
ic
 im
m
un
ol
og
ic
al
 a
ss
ay
 
(E
nz
ym
m
un
, B
oe
hr
in
ge
r 
M
an
nh
ei
m
, M
an
nh
ei
m
, G
er
m
an
y)
 
Th
e 
N
et
he
rl
an
ds
 
 
 
 
 
H
oo
rn
 S
tu
dy
  
Pl
as
m
a 
G
lu
co
se
 d
eh
yd
ro
ge
na
se
  
En
zy
m
at
ic
 te
ch
ni
qu
es
 (B
oe
hr
in
ge
r-
 M
an
nh
ei
m
, 
M
an
nh
ei
m
, G
er
m
an
y)
; 
D
ou
bl
e-
an
tib
od
y 
ra
di
oi
m
m
un
oa
ss
ay
 (s
pe
ci
fic
) 
A
nt
ib
od
y:
 li
nc
o 
SP
21
 
Zu
tp
he
n 
St
ud
y 
V
en
ou
s P
la
sm
a 
H
ex
ok
in
as
e 
(A
bb
ot
t E
px
) 
En
zy
m
at
ic
 te
ch
ni
qu
es
 (C
H
O
D
-P
A
P 
En
zy
m
at
ic
 
m
et
ho
d 
af
te
r E
nz
ym
at
ic
 te
ch
ni
qu
es
 (C
H
O
D
88
 
m
on
o-
te
st 
ki
t, 
Bo
eh
rin
ge
r-
M
an
nh
ei
m
) 
Ra
di
oi
m
m
un
oa
ss
ay
 
(n
on
-s
pc
ifi
c)
(  P
ha
rm
ac
ia
 
D
ia
gn
os
tic
s, 
U
pp
sa
la
, S
w
ed
en
) 
U
ni
te
d 
K
in
gd
om
 
 
 
 
 
El
y 
St
ud
y 
 
Pl
as
m
a 
H
ex
ok
in
as
e 
as
sa
y 
 
En
zy
m
at
ic
 te
ch
ni
qu
es
, R
A
 1
00
0 
(B
ay
er
 
En
zy
m
e-
lin
ke
d 
Im
m
un
os
or
be
nt
 
90
 
 
D
ia
gn
os
tic
s, 
Ba
sin
gs
to
ke
, H
an
ts
, U
K
) 
A
ss
ay
 E
LI
SA
 (s
pe
ci
fic
) 
G
oo
di
ng
e 
St
ud
y 
Pl
as
m
a 
G
lu
co
se
-o
xi
da
se
 (B
ec
km
an
, 
Br
ea
, C
al
ifo
rn
ia
) 
C
ho
le
st
er
ol
 e
st
er
as
e 
m
et
ho
d 
(B
oe
hr
in
ge
r 
M
an
nh
ei
m
, L
ew
es
, S
us
se
x,
 U
.K
.) 
Im
m
un
or
ad
io
m
et
ric
as
sa
y 
(s
pe
ci
fic
) 
N
ew
ca
st
le
 S
tu
dy
  
Pl
as
m
a 
 
G
lu
co
se
 o
xi
da
se
  
(H
ita
ch
i 7
17
 a
na
ly
se
r)
  
C
ho
le
st
er
ol
 o
xi
da
se
/p
er
ox
id
as
e 
m
et
ho
d 
w
ith
 C
ob
as
 
Bi
o 
ce
nt
rif
ug
al
 a
na
ly
ze
r (
Ro
ch
e 
Pr
od
uc
ts
 L
td
, 
W
el
w
yn
 G
ar
de
n 
C
ity
, U
K
) 
En
zy
m
e-
lin
ke
d 
Im
m
un
os
or
be
nt
 
A
ss
ay
 E
LI
SA
 (s
pe
ci
fic
).D
A
K
O
 
D
ia
gn
os
tic
s L
td
, U
K
 
W
hi
te
ha
ll 
II 
stu
dy
 
Pl
as
m
a 
El
ec
tro
ch
em
ic
al
 g
lu
co
se
 o
xi
da
se
. 
C
ob
as
 F
ar
a 
ce
nt
rif
ug
al
 a
na
ly
ze
r (
Ro
ch
e D
ia
gn
os
tic
s 
Sy
st
em
, N
ut
le
y,
 N
J)
. 
Ra
di
oi
m
m
un
oa
ss
ay
  
 
 
 
